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Abstract
Introduction:([SRVXUHWRRUJDQLFGXVWPD\FDXVHGHWULPHQWDOHIIHFWVWRWKHUHVSLUDWRU\
V\VWHPRIH[SRVHGZRUNHUV2UJDQLFGXVWLVFRPPRQO\FRQWDPLQDWHGZLWKPLFUREHVDQGWKHLU
GHULYDWLYHVVXFKDVEDFWHULDDQGHQGRWR[LQIXQJLPRXOGVDQGEHWDJOXFDQ)HZVWXGLHVRQ
H[SRVXUHDQGKHDOWKHIIHFWVKDYHEHHQSHUIRUPHGLQSULPDU\FRIIHHIDFWRULHV7KHVWXGLHV
VKRZHGWKDWSURFHVVHVLQSULPDU\FRIIHHIDFWRULHVFDXVHHPLVVLRQRIKLJKGXVWOHYHOV:RUNLQ
FRIIHHIDFWRULHVKDVEHHQDVVRFLDWHGZLWKUHVSLUDWRU\KHDOWKLPSDLUPHQW
&RIIHHEHDQVDUHRIWZRPDLQW\SHV$UDELFDDQG5REXVWD%HIRUHFRIIHHLVEURXJKWWRWKH
IDFWRU\LWLVSURFHVVHGDWWKHIDUP$WWKHIDUPVWKHKDUYHVWHG5REXVWDFRIIHHFKHUULHVDUH
PRVWO\GULHGXQGHUWKHVXQFDOOHGGU\SUHSURFHVVLQJZKLOH$UDELFDFRIIHHFKHUULHVDUH
GHSXOSHGXVLQJZDWHUFDOOHGZHWSUHSURFHVVDQGWKHQGULHGDVSDUFKPHQWFRIIHH$WWKHHQG
RIKDUYHVWVHDVRQUHPDLQLQJ$UDELFDFRIIHHFKHUULHVDUHGULHGZLWKRXWEHLQJGHSXOSHGGU\
SURFHVVHG
7KHSURFHVVHVLQSULPDU\FRIIHHIDFWRULHVLQYROYHVWKHSUHFOHDQLQJRIFRIIHHEHDQVWKH
PHFKDQLFDOUHPRYDORIWKHPHVRFDUSDQGHQGRFDUSOD\HUVWRJHWJUHHQFRIIHHEHDQV*&%
WKHJUDGLQJRIWKH*&%PL[LQJWKHPWRSURGXFHDKRPRJHQRXVPL[WXUHE\DSURFHVVNQRZQ
DVEXONLQJDQGWKHQSDFNLQJLQNJEDJV/RDGLQJDQGXQORDGLQJRIXQSURFHVVHGFRIIHH
SDUFKPHQWRUFRIIHHFKHUULHVLVGRQHPDQXDOO\)RUVRPHSURFHVVHVWKHPDFKLQHVDUHIHG
PDQXDOO\E\SURGXFWLRQZRUNHUV
Objective:7KHDLPRIWKLVUHVHDUFKZDVWRGHWHUPLQHGXVWH[SRVXUHOHYHOVDQGWRDVVHVV
UHVSLUDWRU\KHDOWKRIWKHSURGXFWLRQZRUNHUVLQ5REXVWDDQG$UDELFDSULPDU\FRIIHHIDFWRULHV
Materials and Methods:7KHUHVHDUFKZDVFRQGXFWHGLQ7DQ]DQLDLQWKH.LOLPDQMDURDQG
.DJHUDUHJLRQVLQIRXUSULPDU\FRIIHHIDFWRULHVIDFWRULHV$%&DQG'LQWKUHHVWXGLHVLQ
DQG,QWKHILUVWVWXG\SHUVRQDOWRWDOGXVWQ ZDVVDPSOHGDWD
UDWHRI/PLQIURPWKHEUHDWKLQJ]RQHRIWKHZRUNHUXVLQJVLGHNLFN&DVHOODSXPSV
FRQQHFWHGWRFORVHGIDFHGPPFRQGXFWLYHFDVVHWWHVILWWHGZLWKFHOOXORVHDFHWDWHILOWHUV
7KHVDPSOHVZHUHDQDO\VHGJUDYLPHWULFDOO\,QDGGLWLRQILYHVDPSOHVZHUHWDNHQRQJODVV
ILEUHILOWHUVDVSLORWVDPSOHVIRUDQDO\VLVRIHQGRWR[LQ:HDOVRDVVHVVHGUHVSLUDWRU\V\PSWRPV
XVLQJDQ$PHULFDQ7KRUDFLF6RFLHW\$76VWDQGDUGL]HGTXHVWLRQQDLUHDPRQJWKHSURGXFWLRQ
ZRUNHUVQ LQFRPSDULVRQZLWKDFRQWUROJURXSIURPDEHYHUDJHIDFWRU\Q 
 
,QWKHVHFRQGDQGWKLUGVWXGLHVSHUVRQDOWRWDOGXVWQ ZDVVDPSOHGE\VDPHPHWKRGVDV
LQXVLQJFORVHGIDFHGPPSODVWLFFDVVHWWHVZKLFKZHUHILWWHGZLWKSRO\FDUERQDWH
ILOWHUV'XVWVDPSOHVZHUHJUDYLPHWULFDOO\PHDVXUHGDQGIXUWKHUDQDO\VHGIRUHQGRWR[LQ
$LUZD\LQIODPPDWLRQZDVDVVHVVHGXVLQJ1,2;0,12GHYLFHLQERWKVWXGLHV,QWKHWKLUG
VWXG\OXQJIXQFWLRQDQGUHVSLUDWRU\V\PSWRPVZHUHDVVHVVHGDPRQJSURGXFWLRQZRUNHUV
Q LQIRXUSULPDU\FRIIHHIDFWRULHVDQGWZRFRQWUROIDFWRULHVQ $SRUWDEOH
VSLURPHWHUZDVXVHGIRUOXQJIXQFWLRQWHVWLQJ
Results:3HUVRQDOWRWDOGXVWOHYHOVUDQJHGIURPWRPJPJHRPHWULFPHDQ*0 
PJP6HYHQWHHQSHUFHQWRIWKHVDPSOHVZHUHDERYHWKHRFFXSDWLRQDOH[SRVXUHOLPLW
7KHUHZDVDKLJKFRUUHODWLRQEHWZHHQWRWDOGXVWDQGHQGRWR[LQU (QGRWR[LQOHYHOV
ZHUHKLJKHUZKHQSURFHVVLQJGU\SUHSURFHVVHGFRIIHHPDLQO\5REXVWD*0 (8P
WKDQZKHQSURFHVVLQJZHWSUHSURFHVVHG$UDELFD*0 (8P$OOHQGRWR[LQVDPSOHV
H[FHHGHGWKHKHDOWKEDVHGUHFRPPHQGHGYDOXHRI(8P8VLQJDPL[HGPRGHODQDO\VLV
GU\SUHSURFHVVLQJZDVVKRZQWRLQFUHDVHWKHWRWDOGXVWDQGHQGRWR[LQOHYHOVE\DIDFWRURI
DQGUHVSHFWLYHO\
&KURQLFUHVSLUDWRU\V\PSWRPVZHUHKLJKHUDPRQJFRIIHHZRUNHUVWKDQFRQWUROV+DYLQJDW
OHDVWRQHDVWKPDV\PSWRPZDVKLJKHUDPRQJWKHFRIIHHZRUNHUVFRPSDUHGWRFRQWUROVZLWK
RGGVUDWLR25RI&,±5REXVWDFRIIHHZRUNHUVKDGKLJKHUSUHYDOHQFHRI
DVWKPDV\PSWRPVWKDQ$UDELFDFRIIHHZRUNHUV25&,±
/XQJIXQFWLRQSDUDPHWHUVZHUHQRWVLJQLILFDQWO\GLIIHUHQWEHWZHHQFRIIHHZRUNHUVDQG
FRQWUROV1HYHUWKHOHVVLQDOLQHDUUHJUHVVLRQPRGHOFRQWUROOLQJIRUDJHKHLJKWDQGW\SHRI
FRIIHHWKHUHZDVDGHFUHDVHLQ)(9DQG)(9)9&UDWLRUHODWHGWRDQLQFUHDVHLQFXPXODWLYH
WRWDOGXVWDQGHQGRWR[LQ,QVHFRQGVWXG\FRIIHHZRUNHUVKDGKLJKHU)(12OHYHOVWKDQ
WKHFRQWUROVKRZHYHUWKLVZDVQRWIRXQGLQWKHVXEVHTXHQW\HDU
Conclusion:7KLVVWXG\UHYHDOHGWKDWZRUNLQFRIIHHIDFWRU\LVDVVRFLDWHGZLWKKLJKGXVWDQG
HQGRWR[LQH[SRVXUHZKLFKPD\EHDVVRFLDWHGZLWKLPSDLUPHQWRIUHVSLUDWRU\KHDOWK
3URFHVVLQJGU\SUHSURFHVVHGFRIIHHLQFUHDVHVWKHH[SRVXUHOHYHOVVLJQLILFDQWO\5HGXFWLRQRI
GXVWH[SRVXUHLVUHFRPPHQGHG
 
List of publications
, 6DNZDUL*%UnWYHLW00DPX\D6+'	0RHQ%('XVWH[SRVXUHDQG
FKURQLFUHVSLUDWRU\V\PSWRPVDPRQJFRIIHHFXULQJZRUNHUVLQ.LOLPDQMDURD
FURVVVHFWLRQDOVWXG\BMC Pulm Med.1RY
,, 0RHQ%(6DNZDUL*0DPX\D6+$NZLOLQD$9/DUVVRQ/3HKUVRQ&
0DVKDOOD<-	%UnWYHLW0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Abbreviations and Terms
$76  $PHULFDQ7KRUDFLF6RFLHW\
$&*,+ $PHULFDQ&RQIHUHQFHRI*RYHUQPHQWDO,QGXVWULDO+\JLHQLVWV
%+5  %URQFKLDOK\SHUUHVSRQVLYHQHVV
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0() 0D[LPXP([SLUDWRU\)ORZDW
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86  8QLWHG6WDWHV
 
8.  8QLWHG.LQJGRP

Aerodynamic diameterRIDSDUWLFOHLVWKHGLDPHWHURIXQLWGHQVLW\VSKHUHWKDWZLOO
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VHSDUDWHVKHDY\IURPIOXII\RUOLJKWHUEHDQV
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LVNQRZQDVWKHGULHGFRIIHHFKHUULHV
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LQRUJDQLFGXVW
Fractional exhaled nitric oxide LVDELRPDUNHURIDLUZD\LQIODPPDWLRQ,WLVDUHVXOW
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1. Introduction
1.1 Coffee   
&RIIHHFRPHVIURPDSHUHQQLDOWUHHWKDWJURZVLQWURSLFDO]RQHVDERYHPDOWLWXGH
DQGLQVXEWURSLFDODUHDV&RIIHHLVDQLPSRUWDQWFURSZRUOGZLGHDQGLWLVXVHGDVD
EHYHUDJHLQDOOFRXQWULHVLQWKHZRUOG7KHPDMRUSURGXFHUVRIFRIIHHZRUOGZLGH
DUH%UD]LO9LHWQDP(WKLRSLD&ROXPELDDQG,QGRQHVLD7KHPDMRUSURGXFHUVDQG
H[SRUWHUVRIFRIIHHLQ$IULFDDUH(WKLRSLD8JDQGD,YRU\&RDVW&DPHURRQDQG
7DQ]DQLD7DQ]DQLDH[SRUWVDERXWRIWKHFRIIHHDYDLODEOHDWWKHJOREDOPDUNHW
0RVWRIWKHFRIIHHJURZLQJFRXQWULHVH[SRUWWKHLUFRIIHH:RUOGZLGHDODUJHQXPEHURI
ZRUNHUVDUHHPSOR\HGLQWKHFRIIHHVHFWRUEXWH[DFWQXPEHUVDUHGLIILFXOWWRILQG,Q
7DQ]DQLDWKHQXPEHURIZRUNHUVLQFRIIHHVHFWRULVHVWLPDWHGWREHDERYHPLOOLRQ
1.1.1 Types of coffee and growing areas  
7KHUHDUHWZRPDLQVSHFLHVRIFRIIHHCoffea Arabica$UDELFDDQGCoffea Canephora
5REXVWDZKLFKPDNHXSRIWKHFRIIHHDWWKHJOREDOPDUNHW7KHUHDUHRWKHU
VSHFLHVRIFRIIHHWKDWDUHRIORZHUTXDQWLW\: MascarocoffeaJURZQLQ0DGDJDVFDUDQG
Coffea LibericaJURZQLQ:HVWDQG&HQWUDO$IULFDWRPHQWLRQDIHZ
7KHFRIIHHVSHFLHVRIWHQJURZQLQ(DVW$IULFDDUH$UDELFDDQG5REXVWDDQGWKHVHDUH
DOVRWKHRQHVFXOWLYDWHGLQ7DQ]DQLD$UDELFDFRIIHHJURZLQJDUHDVLQ7DQ]DQLDDUH
0DUD.LOLPDQMDUR$UXVKD7DQJD0EH\D5XYXPD,ULQJD1MRPEHDQG.LJRPD
ZKLOH5REXVWDLVJURZQLQ.DJHUD)LJ
 

)LJXUH0DSRI7DQ]DQLDVKRZLQJFRIIHHJURZLQJDUHDV
1.2 Coffee history 
+LVWRU\WHOOVWKDWFRIIHHRULJLQDWHGIURP(WKLRSLD$E\VVLQLDIURPZKHUHLWZDVWDNHQ
WR<HPHQE\$UDEPHUFKDQWVHDUOLHUWKDQWKFHQWXU\&RIIHHZDVODWHULQWURGXFHGWR
WKH(DVW,QGLHVE\'XWFKFRORQLVWVLQWKHWKFHQWXU\DQGODWHUIURP-DYDWRWKH)UHQFK
FRORQLHVIURP)UDQFHWR/DWLQ$PHULFDDQGEDFNWR$IULFDE\PLVVLRQDULHVLQWK
FHQWXU\7KLVFRIIHHZDVPRVWO\$UDELFDVSHFLHV
,QVPLVVLRQDULHVLQWURGXFHG$UDELFD&RIIHHLQWKH0RURJRURUHJLRQLQ7DQ]DQLD
EXWLWIDLOHGWRJURZ,Q*HUPDQPLVVLRQDULHVLQWURGXFHG$UDELFDSODQWVLQWKH
UXUDO0RVKLGLVWULFWDW.LOHPD3DULVKLQWKH.LOLPDQMDURUHJLRQ7KHUHLWJUHZDQG
VSUHDGDFURVVWKHVORSHVRI0RXQW.LOLPDQMDUR$UXVKDDQGPXFKODWHULQVLWZDV
LQWURGXFHGWRWKHVRXWKHUQUHJLRQVRI5XYXPDDQG0EH\D
5REXVWDKDVEHHQJURZQLQWKHQRUWKZHVWHUQUHJLRQRI(DVW$IULFDVLQFHWKHWK
FHQWXU\EHIRUHFRORQLDOLVP$FHUHPRQLDOULWXDOLQWKHKRXVHVRIFKLHIVRUIRUDQ
 
KRQRXUHGJXHVWLQSHRSOH¶VKRPHVLQFOXGHGWKHRIIHULQJRIJUHHQ5REXVWDFRIIHHEHDQ
WRFKHZ7KLVZDVSUDFWLVHGE\QDWLYHSHRSOHLQFHQWUDO$IULFDDQGLQ%XQ\RUR(PSLUH
FXUUHQWO\8JDQGDDQGDSDUWRI7DQ]DQLDFDOOHG.DJHUDUHJLRQ/DWHUWKHURDVWLQJ
RIFRIIHHZDVLQWURGXFHGLQWKHVHDUHDVGXULQJFRORQLDOHUDDQGWKHFRIIHHEXVLQHVV
EHJDQ&KHZLQJJUHHQFRIIHHLVVWLOOSUDFWLVHGLQWKH.DJHUDUHJLRQDQGLQFRIIHH
JURZLQJUHJLRQVLQ8JDQGD
&RIIHHSURGXFWLRQLQ7DQ]DQLDKDVIOXFWXDWHGGXHWRXQVWDEOHZRUOGPDUNHWSULFHVDQG
HFRQRPLHVWKURXJKRXWWKH\HDUV3URGXFWLRQRIFRIIHHZDVKLJKHVWLQWKHVWRHDUO\
VZKHQWKHFRIIHHSULFHVZHUHKLJK$IWHUWKLVWLPHSULFHVGURSSHGDQGSURGXFWLRQ
GHFUHDVHGXQWLOWKHSULFHVVWDUWHGWRULVHDJDLQLQWKHODWHV$SDUWIURPWKHPDUNHW
SULFHVWKHDQQXDOFRIIHH\LHOGLVGHSHQGHQWRQWKHZHDWKHUFRQGLWLRQV²VXFKDV
DYDLODELOLW\RIDGHTXDWHUDLQIDOO²LQWKHSDUWLFXODUVHDVRQ,WLVHVWLPDWHGWKDWWKHFRIIHH
SURGXFHGLQ7DQ]DQLDLVWRQQHVDQQXDOO\EXWPD\YDU\EHWZHHQWRQQHV
DQGWRQQHV

)LJXUH7ULHQQLDOSHUFHQWDJHRIFDVKFURSH[SRUWVUHYHQXHVLQ7DQ]DQLD6RXUFH
%DQNRI7DQ]DQLD'HF
&XUUHQWO\FRIIHHLVWKHVHFRQGPRVWHFRQRPLFDOO\LPSRUWDQWFDVKFURSLQ7DQ]DQLDWKDW
HDUQVDERXWRIUHYHQXHVIURPFDVKFURSH[SRUW)LJ$ERXWRIWKH
H[SRUWHGFRIIHHLVIURPVPDOOVFDOHIDUPVDQGLVIURPWKHFRIIHHHVWDWHV
&RIIHHLVDPDMRUVRXUFHRILQFRPHDPRQJFRIIHHJURZHUV,WLVHYLGHQWWRGDWHWKDW
 
FRIIHHSURGXFLQJDUHDVKDYHPXFKEHWWHUTXDOLW\RIOLYLQJFRQGLWLRQVFRPSDUHGWRRWKHU
FRPPXQLWLHV
1.3 Coffee processing  
,Q7DQ]DQLDWKHFRIIHHVHDVRQLVRQFHSHU\HDUZKLOHLQRWKHUFRXQWULHVWKHUHFDQEH
WZRVHDVRQVSHU\HDU7KHFRIIHHIUXLWVFRIIHHFKHUULHVDUHKDUYHVWHGE\PDQXDO
SLFNLQJZKHQWKH\DUHULSHQ
&RIIHHLVSURFHVVHGLQWKUHHVWDJHVEHIRUHLWLVJURXQGHGDQGPDGHUHDG\WRGULQN
$IWHUKDUYHVWWKHFRIIHHLVILUVWSUHSURFHVVHGDWWKHIDUPV6HFRQGO\WKHFRIIHHLV
WDNHQWRWKHSULPDU\SURFHVVLQJIDFWRULHVZKHUHLWLVKXOOHGWRJHWJUHHQFRIIHHZKLFKLV
H[SRUWHG/DVWO\LQWKHVHFRQGDU\SURFHVVLQJIDFWRULHVXVXDOO\ORFDWHGLQWKHLPSRUWLQJ
FRXQWULHVWKHFRIIHHLVURDVWHGDQGJURXQGHG)LJ
1.3.1 Pre-processing at farms 
,PPHGLDWHO\DIWHUWKHKDUYHVWFRIIHHFKHUULHVDUHSUHSURFHVVHG,Q7DQ]DQLD$UDELFD
FRIIHHFKHUULHVDUHXVXDOO\ZHWSUHSURFHVVHGZKLOH5REXVWDFRIIHHFKHUULHVDUHGU\
SUHSURFHVVHG$WWKHHQGRIWKHVHDVRQWKHODVWKDUYHVWRI$UDELFDFDQEHGU\SUH
SURFHVVHG
 Wet pre-processing 
,QWKLVVWDJH$UDELFDFRIIHHFKHUULHVDUHGHSXOSHGLQDPDFKLQHXVLQJZDWHURQWKH
VDPHGD\RIKDUYHVW7KHFRIIHHEHDQVDUHIHUPHQWHGIRUKRXUVWRUHPRYHWKH
PXFLODJHOD\HUDVWLFN\VXJDU\OD\HUDURXQGWKHFRIIHHSDUFKPHQWFRYHUZDVKHGDQG
GULHGRQDZLUHPHVKXQGHUWKHVXQ7KHGU\LQJPD\WDNHGD\VGHSHQGLQJRQWKH
ZHDWKHU7KHPRLVWXUHFRQWHQWIRUSURSHUO\GULHGEHDQVPXVWEHRUOHVV7KH
GULHG$UDELFDFRIIHHEHDQVDUHFDOOHGSDUFKPHQWFRIIHH7KHVHDUHVROGWRPHUFKDQWVRU
FROOHFWHGE\IDUPHUV¶XQLRQJURXSDQGDUHWDNHQWRWKHFRIIHHIDFWRULHVIRUSULPDU\
SURFHVVLQJLHKXOOLQJDQGJUDGLQJ
Dry pre-processing
7DQ]DQLDQ5REXVWDFRIIHHDQGRFFDVLRQDOO\WKHODVWKDUYHVWVRI$UDELFDFRIIHHRI
$UDELFDFRIIHHDUHGU\SUHSURFHVVHG$IWHUWKHKDUYHVWWKHFRIIHHFKHUULHVDUH
 
FOHDQHGIDUPHUVSLFNRXWOHDYHVDQGWKHUDZFKHUULHVDQGDUHVSUHDGLQDOD\HURI
FPRUOHVVRQWKHHDUWKRUFRQFUHWHIORRUPRVWRIWHQRQPDWVRYHUWKHHDUWKJURXQG
LQ7DQ]DQLD7KHFKHUULHVDUHVSUHDGRXWLQWKHPRUQLQJFDUHIXOO\PL[HGGXULQJWKH
GD\DQGKHDSHGWRJHWKHULQWKHHYHQLQJ7KHGU\LQJSURFHVVPD\WDNHIRXUWHHQGD\VRU
PRUHGHSHQGLQJRQWKHZHDWKHUFRQGLWLRQV$VIRU$UDELFDWKHPRLVWXUHFRQWHQWKDV
WREHRUOHVV7KHGULHG5REXVWDDQGRUGULHG$UDELFDDUHFDOOHGGULHGFKHUULHV
7KHVHDUHVROGDQGDUHEURXJKWWRWKHSULPDU\IDFWRULHVIRUIXUWKHUSURFHVVLQJ


1.3.2 Processing in primary coffee factories  
7KHIDUPHUVEULQJWKHFRIIHHWRWKHSULPDU\FRIIHHIDFWRULHVWKURXJKIDUPHUV¶XQLRQVRU
SULYDWHEX\HUV5REXVWDFRIIHHFKHUULHVDQG$UDELFDSDUFKPHQWFRIIHHLVSUHFOHDQHG
GHVWRQHGKXOOHGJUDGHGE\VL]HDQGZHLJKWDQGEXONHGWRJHWDKRPRJHQRXVPL[WXUH
RIJUHHQFRIIHHEHDQV*&%WKHVWDWHLQZKLFKFRIIHHLVH[SRUWHG7KH*&%IRU
H[SRUWDUHSDFNHGLQNJEDJV7KHDFWLYLWLHVLQFRIIHHSURFHVVLQJIDFWRULHVDUH
VLPLODUUHJDUGOHVVRIWKHW\SHRIPDFKLQHU\XVHGRUWKHW\SHRIFRIIHH
)LJXUH6FKHPDWLFGLDJUDPIRUFRIIHHSURFHVVLQJ
 
Handling parchment and coffee cherries in a primary coffee factory 
7KLVILUVWDFWLYLW\LQWKHFRIIHHFXULQJSURFHVVLQYROYHVPHDVXULQJWKHPRLVWXUHFRQWHQW
RIWKHFRIIHHEHLQJUHFHLYHGDQGWKHQWKHSDUFKPHQWRUGULHGFKHUULHVEDJVIURPWKH
WUXFNVDUHPDQXDOXQORDGHGZHLJKHGDQGVWDFNHGLQDVWRUDJHDUHD6RPHIDFWRULHV
KDYHEXFNHWHOHYDWRUVZKLFKWUDQVSRUWFRIIHHEDJVWRWKHVWDFNLQJVWRUH\ZKHUHWKH\
DUHPDQXDOO\VWDFNHG7KHSDUFKPHQWRUGULHGFKHUULHVEDJVSURGXFHGXVWXSRQ
KDQGOLQJ
Feeding the hopper and hulling 
,QWKLVVWDJHWKHFRIIHHEDJVDUHFXWDQGWKHFRIIHHLVSRXUHGRQWRSRIWKHKRSSHU7KH
KRSSHULVDFKXWHDWWKHYHU\EHJLQQLQJRIFRIIHHSURFHVVLQJZKHUHFRIIHHLVSRXUHGLQ
DQGKHOGWHPSRUDULO\WRDVVXUHDFRQWLQXRXVVXSSO\RIFRIIHHWRWKHSURFHVVLQJOLQH
2QHRUWZRZRUNHUVIHHGWKHFRIIHHLQWRWKHKRSSHUDQGPRQLWRULWWRPDLQWDLQD
FRQVWDQWIORZRIFRIIHHLQWRWKHKRSSHU,QVRPHIDFWRULHVFRIIHHLVSRXUHGJUDGXDOO\
IURPDVKRUWGLVWDQFHIURPWKHEDJVZKLOHLQRWKHUIDFWRULHVWKHEDJVDUHHPSWLHG
YLJRURXVO\IURPDKLJKHUOHYHO)LJ

)LJXUH3RXULQJFRIIHHLQWKHKRSSHU
7KHFRIIHHLVWKHQFRQYH\HGE\JUDYLW\GURSRUE\EXFNHWHOHYDWRUVWRWKHSUHFOHDQHU
PDFKLQHVZKHUHDOOGHEULVLVUHPRYHGPHFKDQLFDOO\E\VLHYHSODWHV7KHUHDIWHU
FOHDQHGFRIIHHLVFRQYH\HGE\EXFNHWHOHYDWRUVWRWKHGHVWRQHUZKHUHWKHVWRQHVDQGDOO
 
QRQFRIIHHKHDY\REMHFWVDUHUHPRYHGWKURXJKPHFKDQLFDOVLHYHV7KHGHEULVDUH
FROOHFWHGE\WKHZRUNHUVDQGWDNHQWRWKHZDVWHGLVSRVDO7KHFOHDQHGFRIIHHLVWKHQ
FRQYH\HGE\EXFNHWHOHYDWRUVWRWKHKXOOHUPDFKLQH7KHKXOOHUVDUHPDFKLQHVWKDW
EUHDNDQGSHHOWKHSHULFDUSPHVRFDUSDQGHQGRFDUSOD\HUVIURPWKHSDUFKPHQWFRIIHH
DQGWKHFRIIHHFKHUULHVWRJHWWKHJUHHQFRIIHHEHDQV
7KHHPSW\EDJVDUHIROGHGDQGUHWXUQHGWRWKHIDUPHUVRUWRWKHFRIIHHHVWDWHV-XWH
EDJVDUHXVHGLQ$UDELFDFRIIHHJURZLQJDUHDVDQGSRO\SURS\OHQHEDJVLQ5REXVWD
DUHDV'XVWLVSURGXFHGIURPWKHFRIIHHZKHQLWLVSRXUHGIURPWKHEDJVIHGLQWRWKH
KRSSHUDQGIURPWKHSUHFOHDQHUVWKHGHVWRQHUVKXOOHUPDFKLQHVDQGZKHQIROGLQJWKH
HPSWLHGEDJV
Sorting by size and grading by weight of green coffee beans 
7KHJUHHQFRIIHHLVVRUWHGE\VL]HRQDWDEOHJUDGHURUUROOHUJUDGHU7KHWDEOHJUDGHU
PDFKLQHLVDQHZHUPHWKRGZKLOHDUROOHUJUDGHULVDQROGPHWKRGDQGLWLVVWLOOXVHGLQ
WKHROGIDFWRULHV7KHWDEOHJUDGHUKDVVLHYLQJSODWHVZLWKGLIIHUHQWSRUHVL]HZKLFK
VHSDUDWHFRIIHHLQGLIIHUHQWVL]HVJLYLQJULVHWRGLIIHUHQWJUDGHVIURPEHVWWRORZJUDGH
SHDEHUULHV$$$%&77(DQG8*

)LJXUH:RUNDWWKHJUDYLW\WDEOH
$IWHUWKHFRIIHHKDVEHHQVRUWHGE\VL]HWKHKHDY\EHDQVDUHVHSDUDWHGIURPWKHOLJKWHU
EHDQV7KLVSURFHVVLVGRQHRQDJUDYLW\WDEOH)LJRUE\DPDFKLQHFDOOHGDFDWDGRU
 
'XVWFDQEHSURGXFHGHVSHFLDOO\IURPWKHWDEOHDQGJUDYLW\JUDGHUVDVWKHPDFKLQHVDUH
VKDNLQJFRQWLQXRXVO\DQGDUHQRWHQFORVHG
Bulking of green coffee beans 
%XONLQJLVDSURFHVVZKHUHE\GLIIHUHQWFRIIHHJUDGHVRUFRIIHHIURPGLIIHUHQWIDUPHUV
LVPL[HGWRJHWDKRPRJHQRXVPL[WXUH8SRQUHTXHVWFRIIHHLVEXONHGDFFRUGLQJWRWKH
VSHFLILFDWLRQVSURYLGHGZKLOHIRUQRUPDOEXONLQJWKHZKROHEDWFKLVPL[HG,QVRPH
IDFWRULHVEXONLQJRIFRIIHHLVGRQHDWUHJXODUEDVLVZKLOHLQRWKHUVLWLVGRQHXSRQ
UHTXHVWIURPWKHFRIIHHRZQHURUEX\HU,QVRPHIDFWRULHVFRIIHHLVPDQXDOO\IHGLQWR
WKHEXONLQJPDFKLQHV)LJ
 

)LJXUH3RXULQJFRIIHHLQWKHEXONLQJPDFKLQH
Hand picking 
6RPHWLPHVWKHFRIIHHPLJKWUHTXLUHKDQGSLFNLQJ7KLVLVDPDQXDOSURFHVVSHUIRUPHG
E\ZRPHQ)LJ7KHZRPHQUHPRYHGHVWUR\HGEURNHQRUGLVFRORXUHGEHDQVWKDW
ZHUHQRWUHPRYHGSUHYLRXVO\E\WKHPDFKLQHV&RIIHHKDVWREHKDQGSLFNHGDWOHDVW
WZLFHE\WZRGLIIHUHQWZRPHQ,QVRPHIDFWRULHVKDQGSLFNLQJLVSHUIRUPHGE\WKUHH
GLIIHUHQWZRPHQEHIRUHLWFDQEHEDJJHG2QHIDFWRU\KDVDFRORXUVHSDUDWRUPDFKLQH
WKDWLVXVHGLQVWHDGRIKDQGSLFNLQJ7KLVPDFKLQHUHMHFWVGLVFRORXUHGEHDQVRXWRIWKH
SURGXFWLRQOLQH7KLVLVUDUHO\XVHG

)LJXUH+DQGSLFNLQJ
 
Packing 
&RIIHHWKDWKDVEHHQKDQGSLFNHGLVIHGLQWRWKHEXONLQJPDFKLQHIRUPL[LQJEHIRUHLWLV
FRQYH\HGE\EXFNHWHOHYDWRUVWRWKHVWRUDJHWDQNVDERYHWKHEXONLQJPDFKLQHV7KH
FRIIHHLVZHLJKHGDXWRPDWLFDOO\DQGWKHZRUNHUVPDQXDOO\RSHQHGWKHEXFNHW)LJ
WRSRXUWKHJUHHQFRIIHHEHDQVLQWRWKHQHZNJMXWHEDJV7KHEDJVDUHVHZQDQG
VWDFNHGUHDG\IRUVKLSSLQJ

)LJXUH3DFNLQJ*&%
Husk handling 
)LQHDQGFRDUVHGXVWSDUWLFOHVDUHSURGXFHGGXULQJFRIIHHSURFHVVLQJ7KHGXVWLV
FRQYH\HGYLDSLSHVWRKXVNVWRUDJHWDQNV2QHRUWZRZRUNHUVORDGWKHKXVNVLQWREDJV
WKDWDUHWKHQORDGHGLQWRWUXFNVRUVRPHWLPHVWKHZRUNHUVVKXIIOHWKHKXVNGLUHFWO\RQWR
WKHWUXFNV7KHKXVNVIURP$UDELFDFRIIHHDUHXVHGWRPDNHIXHOEORFNVIRUFRRNLQJ
DQGVRPHKXVNVDUHDOVRXVHGDVIXHOLQWKHSURGXFWLRQRIEXUQWEULFNV+XVNVIURP
5REXVWDFRIIHHDUHXVHGDVDPXOFKLQJOD\HULQIDUPV:RUNHUVLQWKHKXVNDUHDDUH
H[SRVHGWRGXVWZKHQXQORDGLQJKXVNPDWHULDOIURPWKHWDQNVDQGORDGLQJLWRQWREDJV
)LJRUWUXFNV
 

)LJXUH$ZRUNHUILOOLQJVDFNVZLWKKXVN
Cleaning coffee grade F and Sweeping 
,QWKHVRUWLQJRIJUHHQEHDQVE\VL]HDQGZHLJKWWKHVPDOOHUEHDQVWKDWDUHQRW
UHVWUDLQHGLQDQ\RIWKHVLHYHSODWHVDVZHOODVPXFKRIWKHKXVNPDWHULDODQGGXVWDUH
EURXJKWRXWRIWKHSURGXFWLRQOLQHDQGLQWREDJV7KLVFRIIHHJUDGHJUDGH)LVIHG
LQWRDEORZHUPDFKLQHWRUHPRYHIOXII\EHDQVKXVNVDQGGXVW7KLVDFWLYLW\LVQRW
QHFHVVDU\LQWKHSURFHVVOLQHLWLVGRQHRQUHTXHVWDQGPRVWO\LQWKHROGSODQWV
:RUNHUVZKRIHHGWKHKRSSHUDQGWKRVHZKRPRQLWRUWKHGHVWRQHUDOVRFDUU\RXWWKLV
WDVNRQDOWHUQDWHVKLIWV3URGXFWLRQRIGXVWLQWKLVWDVNPLJKWEHKLJKVLQFHPRVWRIWKH
KXVNPDWHULDODQGGXVWDUHEORZQRXWRIWKHPDFKLQHV
6ZHHSLQJLVDFRQWLQXRXVDFWLYLW\VLQFHWKHVSLOOHGEHDQVDQGGXVWPDNHWKHIORRU
VOLSSHU\6ZHHSLQJLVGRQHPDQXDOO\ZLWKGU\EURRPVDQGDWVRPHIDFWRULHVZLWK
FRPSUHVVRUVZKLFKPLJKWOHDGWRKLJKGXVWH[SRVXUH,QVRPHRIWKHIDFWRULHVWKHUHDUH
ZRUNHUVZKRDUHKLUHGDVVZHHSHUVEXWLQRWKHUVWKHSURGXFWLRQZRUNHUVVZHHSWKHLU
RZQZRUNLQJDUHD
1.3.3 Processing in the secondary factories   
7KHVHFRQGDU\FRIIHHSURFHVVLQJIDFWRULHVDUHIRXQGLQWKHLPSRUWLQJFRXQWULHVDQG
RQO\VHOGRPLQFRIIHHJURZLQJFRXQWULHV)RULQVWDQFHWKHUHLVRQO\RQHURDVWLQJ
IDFWRU\LQ7DQ]DQLDDQGRIDOOFRIIHHLVH[SRUWHG7KHUDZPDWHULDOIRUURDVWLQJLV
 
WKHJUHHQFRIIHHEHDQV*&%7KHH[SRUWHG*&%DIWHUDUULYDOLQWKHLPSRUWLQJ
FRXQWULHVDUHSRXUHGPHFKDQLFDOO\LQWRDKRSSHU7KH*&%DUHFOHDQHGE\
UHPRYLQJILQHGXVWDQGXQGHVLUHGSDUWLFOHV7KHFOHDQHGFRIIHHLVWKHQURDVWHGDWKLJK
WHPSHUDWXUHVJURXQGHGDWGLIIHUHQWVL]HVPL[HGDQGSDFNHGIRUFRQVXPSWLRQDQG
H[SRUWDWLRQ
1.4 Coffee curing factories in Tanzania  
,QWKHVFRORQLDOUXOHUVLQ7DQ]DQLDHVWDEOLVKHGWKHILUVWSULPDU\FRIIHHSURFHVVLQJ
IDFWRU\LQWKH.LOLPDQMDURUHJLRQ7KLVIDFWRU\ZDVPHDQWWRSURFHVV$UDELFDFRIIHH
IURPWKHZKROHRI(DVW$IULFD.HQ\D7DQ]DQLDDQG8JDQGD$QRWKHUSULPDU\FRIIHH
SURFHVVLQJIDFWRU\ZDVHVWDEOLVKHGLQLQWKH.DJHUDUHJLRQIRU5REXVWDFRIIHH
SURFHVVLQJ,QWKHVRWKHUIDFWRULHVZHUHHVWDEOLVKHGLQ0EH\DDQG0ELQJD$WWKH
WLPHRIWKLVZULWLQJWKHUHDUHDERXWFRIIHHSURFHVVLQJIDFWRULHVLQ7DQ]DQLD
LQ.LOLPDQMDURLQ$UXVKDLQ.DJHUDLQ0EH\DDQGLQ,ULQJDLQ5XYXPD
LQ0DUDDQGLQ.LJRPD7KHUHDUHRWKHUVPDOOVFDOHIDFWRULHVEXWPRVWVHQGWKHLU
FRIIHHWRWKHODUJHIDFWRULHVGXHWRKLJKUXQQLQJFRVWV
1.5 Dust fraction and health-related sampling 
'XVWLVFRPSRVHGRIVROLGSDUWLFOHVWKDWEHFRPHVXVSHQGHGLQWKHDLUDQGDUHJHQHUDWHG
E\WKHPHFKDQLFDORUQDWXUDOGLVLQWHJUDWLRQRIRUJDQLFRULQRUJDQLFPDWHULDOV
7KHSDUWLFOHVLQGXVWDUHFDWHJRUL]HGLQGLIIHUHQWVL]HVEDVHGRQWKHLUDHURG\QDPLF
GLDPHWHU7KLVLVWKHGLDPHWHURIDVSKHUHRIXQLWGHQVLW\WKDWVHGLPHQWVDWWKHVDPH
YHORFLW\LQWKHDLUDVWKHVDLGSDUWLFOH7KHDHURG\QDPLFGLDPHWHUGHWHUPLQHV
WKHEHKDYLRXURIWKHSDUWLFOHZKLFKLVRILPSRUWDQFHLQLQKDODWLRQH[SRVXUH
7KHLQKDODEOHGXVWIUDFWLRQLVWKHIUDFWLRQRIWRWDODLUERUQHSDUWLFOHVWKDWDUHLQKDOHG
WKURXJKWKHQRVHDQGWKHPRXWK%DFWHULDIXQJLDQGVRPHDOOHUJHQVPD\IDOOLQWRWKLV
FDWHJRU\7KHVHPD\EULQJDERXWXSSHUDLUZD\V\PSWRPVVXFKDVQDVDOLUULWDWLRQDQG
UKLQLWLV7RWDOGXVWLVDIUDFWLRQWKDWZDVXVHGSUHYLRXVO\WKDWKDVQRZEHHQ
UHSODFHGE\LQKDODEOHIUDFWLRQ7KHLQKDODEOHIUDFWLRQLQFOXGHVSDUWLFOHVZLWKVL]HVWKDW
DUHRIUHVSLUDEOHDQGWKRUDFLFIUDFWLRQ
 
7KRUDFLFGXVWIUDFWLRQLQFOXGHVWKHLQKDOHGSDUWLFOHVWKDWFDQUHDFKEH\RQGWKHODU\Q[
LQWKHUHVSLUDWRU\V\VWHPZLWKHVWLPDWHGDHURG\QDPLFGLDPHWHUPHGLDQRIP
3DUWLFOHVRIWKLVIUDFWLRQGHSRVLWRQWKHDLUZD\VWKHEURQFKLDQGEURQFKLROHVDQGPD\
FDXVHHIIHFWVOLNHEURQFKLWLVDQGEURQFKLDOFRQVWULFWLRQ7KHUHVSLUDEOHGXVWIUDFWLRQ
LQFOXGHVWKHSDUWLFOHVWKDWZLOOUHDFKWKHDOYHRODUUHJLRQDQGWKH\KDYHDQHVWLPDWHG
DHURG\QDPLFGLDPHWHUPHGLDQRIP+RZHYHUYHU\VPDOOSDUWLFOHVP
DHURG\QDPLFGLDPHWHUPD\EHH[SLUHGRXWGXULQJQRUPDOEUHDWKLQJDVWKH\UHPDLQ
VXVSHQGHGLQWKHDLUIRUDORQJHUWLPHKRZHYHUVRPHZLOOUHPDLQDQGFDQEH
YHU\KDUPIXOWRWKHOXQJWLVVXH2QO\ILEUHVFDQUHDFKWKHDOYHROLHYHQLIWKH\
KDYHODUJHDHURG\QDPLFGLDPHWHUZKHQWKH\PRYHLQVWUHDPOLQHDORQJWKHEURQFKLROHV

6DPSOLQJRIGXVWLVDOVREDVHGRQGXVWIUDFWLRQWKDWLVLQKDODEOHGXVWWKRUDFLFGXVW
DQGUHVSLUDEOHGXVW)RUH[SRVXUHVWKDWKDYHYHU\ILQHGXVWWKHUHVSLUDEOHIUDFWLRQLV
SUHIHUUHGZKLOHIRUH[SRVXUHVWKDWEULQJVHIIHFWWRWKHDLUZD\VDQGOXQJWLVVXH
LQKDODEOHIUDFWLRQLVSUHIHUUHG7KHVDPSOHGLQKDODEOHIUDFWLRQZLOOLQFOXGHRI
SDUWLFOHVZLWKDQDHURG\QDPLFGLDPHWHURIP6DPSOLQJWKHWKRUDFLFIUDFWLRQ
ZLOOLQFOXGHSDUWLFOHVWKDWKDYHDQDHURG\QDPLFGLDPHWHURIPRUOHVVZKLOH
WKHUHVSLUDEOHIUDFWLRQZLOOLQFOXGHSDUWLFOHVZLWKP
1.6 Occupational exposure limit values for organic dust 
and endotoxin 
2UJDQLFGXVWFRQVLVWVRISDUWLFOHVRISODQWRUDQLPDORULJLQWKDWKDYHEHFRPHDLUERUQH
7KLVPD\LQFOXGHIORXUSROOHQFRIIHHWHDZRRGGXVWV2UJDQLFGXVWPD\DOVREH
FRQWDPLQDWHGZLWKEDFWHULDIXQJLPRXOGVYLUXVHVDQGWKHLUGHULYDWLYHVVXFKDVEHWD
JOXFDQDQGHQGRWR[LQ,QKDODWLRQRIRUJDQLFGXVWPLJKWFDXVHRUJDQLFGXVWWR[LF
V\QGURPH2'76KD\IHYHUE\VVLQRVLVDQGDLUZD\LQIODPPDWLRQOHDGLQJWRDVWKPD
DQGUHGXFHGOXQJIXQFWLRQ
(QGRWR[LQLVDFRPSRQHQWRIWKHFHOOZDOORIJUDPQHJDWLYHEDFWHULD([SRVXUHWR
HQGRWR[LQKDVEHHQDVVRFLDWHGZLWKFKURQLFUHVSLUDWRU\V\PSWRPVUHGXFHGOXQJ
 
IXQFWLRQDVWKPDDQGLQFUHDVHGOHYHOVRI)(12DPRQJQRQDWRSLFZRUNHUV
2FFXSDWLRQDOH[SRVXUHVWRHQGRWR[LQKDYHEHHQVWXGLHGDPRQJIDUPHUVZRUNHUV
LQDJULFXOWXUDOLQGXVWULHVZDVWHPDQDJHPHQWDQGIURPODERUDWRULHV7KHKHDOWKHIIHFWV
KDYHEHHQREVHUYHGDWOHYHOVDERYH(8P
2FFXSDWLRQDOH[SRVXUHOLPLWYDOXH2(/LVWKHPD[LPXPFRQFHQWUDWLRQWRZKLFKD
SHUVRQFDQEHH[SRVHGZLWKQRRUPLQLPDODGYHUVHHIIHFWV,QPRVWFRXQWULHV
2(/VDUHEDVHGRQKHDOWKHFRQRPLFDQGWHFKQLFDOIHDVLELOLW\RIFRQWUROPHDVXUHV
(YHQWKRXJKWKH2(/PD\QRWSURYLGHSURWHFWLRQIRUHYHU\ZRUNHUIURPGHYHORSLQJD
GLVHDVHWKHVHOHYHOVJLYHSURWHFWLRQWRWKHPDMRULW\7KH2(/VIRURUJDQLFGXVW
KDYHEHHQHVWDEOLVKHGLQPDQ\GHYHORSHGFRXQWULHVIRULQVWDQFHWKHUHFRPPHQGHG
RFFXSDWLRQDOH[SRVXUHOLPLWLQ1RUZD\LVPJPH[SUHVVHGLQWRWDOGXVW
IUDFWLRQ6DPSOLQJRIWKHWRWDOGXVWIUDFWLRQKDVEHHQIRXQGWRXQGHUHVWLPDWHWKH
LQKDODEOHIUDFWLRQE\DIDFWRURIWR+RZHYHUVRPHRFFXSDWLRQDOH[SRVXUH
OLPLWVDUHVWLOOH[SUHVVHGLQWRWDOGXVWYDOXHV
$WWKHPRPHQWWKHUHLVQR2(/IRUHQGRWR[LQ5HFHQWO\DKHDOWKEDVHGUHFRPPHQGHG
YDOXHIRUHQGRWR[LQRI(8PZDVVXJJHVWHGLQWKH1HWKHUODQGV7KHVHYDOXHV
KDYHQRWEHHQHVWDEOLVKHGLQPRVWRIWKHGHYHORSLQJFRXQWULHV+HQFHLQWKLVVWXG\WKH
UHFRPPHQGHGYDOXHVUHIHUUHGWRDUHPJPIRURUJDQLFGXVWDQG(8PIRU
HQGRWR[LQUHVSHFWLYHO\7KLVYDOXHLVGHULYHGIURPLQKDODEOHGXVWIUDFWLRQ
1.7 Exposure in coffee factories  
7KHUDZPDWHULDOLQWKHSULPDU\FRIIHHIDFWRULHVLVSDUFKPHQWFRIIHHRUGULHGFRIIHH
FKHUULHV7KHGXVWLQFRIIHHIDFWRULHVLVFRQVLGHUHGWREHPDLQO\RUJDQLFGXVWDVFRIIHH
LVRISODQWRULJLQ7KLVFRIIHHGXVWPLJKWEHFRQWDPLQDWHGZLWKIXQJLPRXOGVJUDP
SRVLWLYHDQGJUDPQHJDWLYHEDFWHULDDVZHOODVRWKHUPDWHULDOVUHVXOWLQJIURP
FRQWDPLQDWLRQGXULQJSUHSURFHVVLQJDQGVWRUDJH7KHPLFURELDOFRPSRQHQWVKDYH
EHHQLVRODWHGIURPFRIIHHDWGLIIHUHQWVWDJHVRISURFHVVLQJSDUFKPHQWGULHGFKHUULHV
DQGKXVNVLQSULPDU\FRIIHHIDFWRULHVDQGIURPWKHGXVWLQJUHHQFRIIHH
ZDUHKRXVHDQGVLORV)XUWKHUPRUHVSHFLHVRIJUDPQHJDWLYHDQGJUDP
SRVLWLYHEDFWHULDKDYHEHHQIRXQGLQSHUVRQDOWRWDOGXVWVDPSOHVWDNHQIURPDSULPDU\
 
$UDELFDFRIIHHIDFWRU\LQ7DQ]DQLD+LJKOHYHOVRIEDFWHULDZHUHIRXQGZKHQ
KDQGOLQJSDUFKPHQWFRIIHH([SRVXUHVWRIXQJDOVSRUHVZHUHKLJKHVWZKHQVRUWLQJ
JUHHQFRIIHHFRPSDUHGWRRWKHUDFWLYLWLHV+HQFHDZRUNHULQDFRIIHHIDFWRU\
PD\EHH[SRVHGWRGXVWFRQVLVWLQJRIFRPSRQHQWVIURPWKHFRIIHHEHDQVVXFKDV
DOOHUJHQVDVZHOODVIXQJLDQGWKHLUP\FRWR[LQPRXOGVDQGEHWDJOXFDQVEDFWHULDDQG
HQGRWR[LQ
1.7.1 Dust and endotoxin exposure levels in coffee factories in  
previous studies 
7ZRVWXGLHVKDYHPHDVXUHGGXVWOHYHOVLQSULPDU\FRIIHHIDFWRULHVRQHLQ8JDQGDDQG
WKHRWKHULQ3DSXD1HZ*XLQHD7KHWRWDOGXVWH[SRVXUHUDQJHGIURP±PJP
'XVWH[SRVXUHLQVHFRQGDU\FRIIHHIDFWRULHVZDVILUVWGRFXPHQWHGLQV
LQWKHIRUPHU<XJRVODYLD&URDWLDDQGUDQJHGIURP±PJPLQWKHJUHHQ
FRIIHHDUHDV7DEOH$VWXG\IURP1HZ2UOHDQVUHSRUWHGUHODWLYHO\ORZPHDQWRWDO
GXVWOHYHOVLQERWKJUHHQFRIIHHPJPDQGURDVWHGFRIIHHPJPDUHDV,Q
UHFHQW\HDUVLQKDODEOHGXVWKDVEHHQPHDVXUHGLQVHFRQGDU\IDFWRU\VLORVDQGKDXODJH
DQGWKHVHOHYHOVUDQJHGIURP±PJP$VWXG\LQ6ZHGLVKFRIIHH
IDFWRULHVUHSRUWHGGXVWOHYHOVKLJKHUWKDQWKH6ZHGLVKRFFXSDWLRQDOH[SRVXUHOLPLWRI
RUJDQLFGXVWRIPJP
,WKDVEHHQUHSRUWHGWKDWGXVWLQSULPDU\FRIIHHIDFWRULHVKDYHSDUWLFOHVZLWKDGLDPHWHU
UDQJLQJIURPOHVVWKDQPWRPDQGLQVHFRQGDU\IDFWRULHVIURPP
WRP([SRVXUHOHYHOLQWKHIDFWRULHVSUHVXPDEO\YDULHVZLWKSURFHVVHV
DFWLYLWLHVPDFKLQHU\DVZHOODVWKHFURSEHLQJSURFHVVHG)DFWRUWKDWLQIOXHQFH
H[SRVXUHOHYHOVKDYHQRWEHHQVWXGLHGVSHFLILFDOO\LQFRIIHHIDFWRULHV6HYHUDO
GHWHUPLQDQWVRIH[SRVXUHVXFKDVGXVWLQHVVRIWKHSURFHVVDFWLYLWLHVLQYROYHGUDZ
PDWHULDOVGHVLJQRIPDFKLQHDQGZHDWKHUFRQGLWLRQVKDYHEHHQUHSRUWHGIURPD
FROOHFWLRQRIDJULFXOWXUDOLQGXVWULHV7KHGHWHUPLQDQWVRIH[SRVXUHKDYHDOVREHHQ
UHSRUWHGLQRWKHUVSHFLILFLQGXVWULHVVXFKDVSRWDWRLQGXVWU\SLJIDUPVJUDLQ
IDUPVDQGLQZDVWHPDQDJHPHQW
 
(QGRWR[LQH[SRVXUHKDVEHHQPHDVXUHGDQGUHSRUWHGLQVHFRQGDU\FRIIHHIDFWRULHVLQ
WKH1HWKHUODQGV*0(8PUDQJH±(8PEXWQRWLQSULPDU\
FRIIHHIDFWRULHV0LFURRUJDQLVPVVXFKDVEDFWHULDIXQJLDQGWKHLUGHULYDWLYHV
2FKUDWR[LQ$DQGPRXOGVKDYHEHHQLVRODWHGIURPGXVWVDPSOHVIURPVHFRQGDU\
FRIIHHIDFWRULHVIURPSDUFKPHQWFRIIHHDQGIURPGULHGFRIIHHFKHUULHVIURPWKHIDUPV

7KHVWXGLHVGRQHLQSULPDU\FRIIHHIDFWRULHVGLGQRWGHVFULEHDFWLYLWLHVDQGPDFKLQHU\
LQWKHIDFWRULHV)XUWKHUPRUHGHWHUPLQDQWVIRUGXVWDQGHQGRWR[LQH[SRVXUHLQFRIIHH
IDFWRULHVZHUHQRWUHSRUWHG,QRUGHUWRUHGXFHWKHH[SRVXUHOHYHOVLWLVLPSRUWDQWWR
NQRZWKHGHWHUPLQDQWVWRLQVWLWXWHSURSHUDQGHIIHFWLYHFRQWUROPHDVXUHV
1.8 Respiratory health among coffee workers 
%RWKFKURQLFDQGDFXWHUHVSLUDWRU\V\PSWRPVKDYHEHHQSUHVHQWHGDPRQJZRUNHUVLQ
SULPDU\DQGVHFRQGDU\FRIIHHIDFWRULHV7DEOH
1.8.1 Acute and chronic respiratory symptoms in primary coffee 
factories 
+LJKSUHYDOHQFHRIDFXWHUHVSLUDWRU\V\PSWRPVZDVUHSRUWHGDPRQJFRIIHHZRUNHUVLQ
SULPDU\FRIIHHIDFWRULHVLQ6UL/DQNDDQG8JDQGD7KHVHV\PSWRPVLQFOXGHG
FRXJKVQHH]LQJGLIILFXOW\LQEUHDWKLQJDQGUXQQLQJQRVH5KLQLWLVKDVDOVREHHQ
UHSRUWHGDVDQDFXWHHIIHFWDPRQJSULPDU\FRIIHHIDFWRU\ZRUNHUVLQ8JDQGD
&KURQLFUHVSLUDWRU\V\PSWRPVKDYHEHHQUHSRUWHGDPRQJZRUNHUVLQSULPDU\FRIIHH
IDFWRULHVLQ8JDQGDDQG3DSXD1HZ*XLQHDZKHUHZRUNHUVKDGKLJKHU
SUHYDOHQFHRIFKURQLFFRXJKZLWKRUZLWKRXWSKOHJPG\VSQRHDDQGZKHH]LQJ
FRPSDUHGWRWKHFRQWUROJURXSV7DEOH+RZHYHULQWKHVHVWXGLHVWKHUHZHUHVRPH
PHWKRGRORJLFDOXQFHUWDLQWLHVVXFKDVPL[LQJERWKSULPDU\DQGVHFRQGDU\IDFWRU\
ZRUNHUVDVZHOODV5REXVWDDQG$UDELFD7KHVHVWXGLHVDOVRODFNHGLQIRUPDWLRQDERXW
WKHSDUWLFLSDQWVVXFKDVDJHGXUDWLRQRIHPSOR\PHQWGHVFULSWLRQRIZRUNHUV¶
DFWLYLW\LQWKHIDFWRULHVDQGLQFRPSOHWHGHVFULSWLRQRQWKHDVVHVVPHQWRIFKURQLF
UHVSLUDWRU\V\PSWRPV7KHUHLVDOVRGLIIHUHQFHLQSURFHVVLQJDFWLYLWLHV7KH
 
SURFHVVHVLQ6UL/DQNDDUHPDLQO\PDQXDOZKLOHLQ7DQ]DQLDWKHVHDUHGRQHE\
PDFKLQHV
1.8.2  Acute and chronic respiratory symptoms in secondary coffee 
factories 
7KHILUVWVWXG\RQDFXWHUHVSLUDWRU\V\PSWRPVDPRQJVHFRQGDU\FRIIHHSURFHVVLQJ
ZRUNHUVZDVFDUULHGRXWLQDPRQJQLQHZRUNHUVLQ86ZKRKDGDFXWHDOOHUJLF
UKLQLWLV$FXWHFRXJKVQHH]LQJDQGWKURDWLUULWDWLRQZHUHUHSRUWHGDPRQJ&URDWLDQ
PDOHJUHHQFRIIHHZRUNHUVLQVXEVHTXHQW\HDUV
&KURQLFUHVSLUDWRU\V\PSWRPVDPRQJZRUNHUVKDQGOLQJJUHHQFRIIHHLQVHFRQGDU\
FRIIHHIDFWRULHVZHUHDOVRUHSRUWHGLQWKHVWXG\IURP&KURQLFUHVSLUDWRU\
V\PSWRPVZHUHDOVRUHSRUWHGLQVXEVHTXHQW\HDUVDPRQJVHFRQGDU\FRIIHHSURFHVVLQJ
ZRUNHUVKDQGOLQJJUHHQFRIIHHDQGURDVWLQJFRIIHH7KHVHZHUHFKURQLFFRXJKZLWKRU
ZLWKRXWSKOHJPFKURQLFEURQFKLWLVZKHH]LQJG\VSQRHDDQGDVWKPD
7DEOH
$*HUPDQVWXG\DPRQJZRUNHUVKDQGOLQJLPSRUWHGJUHHQFRIIHHIRXQGWKDWZKHQWKH
ZRUNHUVZHUHKDQGOLQJLPSRUWHGJUHHQ$UDELFDFRIIHHUHSRUWHGWZLFHDVPXFK
FRPSODLQVRIUHVSLUDWRU\V\PSWRPVWKDQZKHQWKH\KDQGOHG5REXVWDFRIIHH,WKDV
EHHQGLVFXVVHGWKDWFRIIHHGXVWFDQJLYHDOOHUJ\5HFHQWO\DQDOOHUJHQKDVEHHQ
LGHQWLILHGIURP$UDELFDJUHHQFRIIHHEHDQ,WLVQRWNQRZQZKHWKHUDOOHUJHQVLQ
$UDELFDDUHFRPSDUDEOHWRWKRVHLQ5REXVWDFRIIHHRULIWKHUHDUHGLIIHUHQFHVLQDOOHUJLF
GHYHORSPHQWIURPWKHWZRW\SHVRIFRIIHHEHDQV,WKDVEHHQVXJJHVWHGWKDWWKH
DOOHUJHQFRQFHQWUDWLRQDUHKLJKHULQJUHHQFRIIHHEHDQVFRPSDUHGWRURDVWHGFRIIHH
EHDQV+HQFHLWLVH[SHFWHGWREHPRUHVHQVLWL]DWLRQDQGGHYHORSPHQWRIDOOHUJLF
UHDFWLRQDPRQJWKRVHKDQGOLQJJUHHQFRIIHHFRPSDUHGWRURDVWHGFRIIHH
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1.8.3 Lung function changes and airway inflamation among coffee 
workers  
$FXWHUHGXFWLRQLQOXQJIXQFWLRQSDUDPHWHUVDIWHUWKHZRUNVKLIWKDVEHHQUHSRUWHG
DPRQJZRUNHUVLQRQHSULPDU\DQGWKUHHVHFRQGDU\FRIIHHIDFWRULHV
+RZHYHURWKHUVWXGLHVKDYHQRWREVHUYHGDQ\DFXWHFKDQJHDFURVVWKHVKLIW
6LJQLILFDQWGLIIHUHQFHEHWZHHQWKHPHDQ)(9DPRQJFRIIHHZRUNHUVDQGFRQWUROV
KDVEHHQUHSRUWHGDPRQJZRUNHUVLQSULPDU\IDFWRULHVLQ3DSXD1HZ*XLQHDDV
ZHOODVDGHFUHDVHLQ)(9DQG)9&DFURVVWKHZRUNLQJZHHNLHIURP0RQGD\
PRUQLQJEHIRUHWKHZRUNVKLIWWR)ULGD\DIWHUQRRQDIWHUWKHZRUNVKLIWDPRQJJUHHQ
FRIIHHZRUNHUVLQ*HUPDQ\7KHGHFUHDVHVLQOXQJIXQFWLRQKDYHEHHQUHSRUWHG
ZLWKYHU\ORZH[SRVXUHVLQ86DQGYHU\KLJKH[SRVXUHOHYHOVLQ&URDWLD
+RZHYHUPRUHRIWHQFXUUHQWH[SRVXUHGRHVQRWUHIOHFWWKHUHGXFHGOXQJIXQFWLRQ
FKDQJHVEXWUDWKHUWKHSUHYLRXVH[SRVXUH
([SRVXUHWRRUJDQLFGXVWKDVEHHQVKRZQWRFDXVHDLUZD\LQIODPPDWLRQ7KLVFDQEH
DVVHVVHGLQRFFXSDWLRQDOVHWWLQJVE\DQRQLQYDVLYHDSSURDFKE\PHDVXULQJWKH
DPRXQWRIH[KDOHGQLWULFR[LGHLQWKHH[KDOHGDLU7KLVKDVQRWEHHQUHSRUWHG
DPRQJFRIIHHZRUNHUVQHYHUWKHOHVVLWKDVEHHQUHSRUWHGDPRQJZRUNHUVH[SRVHGWR
RUJDQLFGXVWDQGHQGRWR[LQIURPRWKHUZRUNSODFHV
 
2. Rationale and objectives of the study
2.1 Rationale 
2QO\WZRVWXGLHVKDYHPHDVXUHGGXVWH[SRVXUHVLQSULPDU\FRIIHHIDFWRULHVDQGRQO\
WKUHHVWXGLHVKDYHDVVHVVHGDVSHFWVRIUHVSLUDWRU\KHDOWKRIWKHZRUNHUVLQVXFK
IDFWRULHV1RQHRIWKHVHVWXGLHVKDYHEHHQGRQHLQ7DQ]DQLDGHVSLWHWKHIDFWWKDW
FRIIHHLVRQHRIWKHPDMRUFRQWULEXWRUVWRWKHFRXQWU\¶VUHYHQXH,WLVHVWLPDWHGWKDW
PRUHWKDQPLOOLRQSHRSOHDUHGLUHFWO\RULQGLUHFWO\HPSOR\HGLQWKH7DQ]DQLDQ
FRIIHHVHFWRU'XHWRSRRUUHFRUGVLWLVQRWNQRZQH[DFWO\KRZPDQ\DUHHPSOR\HGLQ
FRIIHHIDFWRULHVDQGFRIIHHVWRUDJHIDFLOLWLHV
(YHQWKRXJKGXVWLQFRIIHHIDFWRULHVLVPDLQO\RIRUJDQLFRULJLQQRQHRIWKHSUHYLRXV
VWXGLHVKDYHGHVFULEHGWKHDVVRFLDWLRQEHWZHHQSRVVLEOHHQGRWR[LQH[SRVXUHOHYHOV
DQGUHVSLUDWRU\KHDOWKRIZRUNHUVLQSULPDU\FRIIHHIDFWRULHV,QRUGHUWRUHGXFH
H[SRVXUHOHYHOVDPRQJZRUNHUVHIIHFWLYHFRQWUROPHDVXUHVDUHLPSRUWDQW+HQFH
WKHUHLVDQHHGWRDGGUHVVWKHH[SRVXUHW\SHH[SRVXUHOHYHOVDQGLQDGGLWLRQIDFWRUV
WKDWGHWHUPLQHWKHH[SRVXUHOHYHOV7KHUHDUHQRVWXGLHVZKLFKKDYHDGGUHVVHG
H[SRVXUHGHWHUPLQDQWVLQ5REXVWDRU$UDELFDIDFWRULHV
&RIIHHGXVWPD\FDXVHUHVSLUDWRU\KHDOWKSUREOHPV,WLVNQRZQWKDWRUJDQLFGXVWDQG
HQGRWR[LQH[SRVXUHPLJKWFDXVHLQIODPPDWLRQLQWKHDLUZD\VRIH[SRVHGZRUNHUV
OHDGLQJWRUHVSLUDWRU\KHDOWKLPSDLUPHQWVXFKDVGHYHORSPHQWRIDVWKPDFKURQLF
UHVSLUDWRU\V\PSWRPVDQGUHGXFHGOXQJIXQFWLRQ+HQFHWKLVVWXG\ZDVVHWWRDVVHVV
OXQJIXQFWLRQDQGWRPHDVXUHDQLQIODPPDWRU\ELRPDUNHULQRUGHUWRVWXG\WKH
UHODWLRQVKLSEHWZHHQWKHH[SRVXUHDQGUHVSLUDWRU\KHDOWKHIIHFWVDPRQJSULPDU\
FRIIHHIDFWRU\ZRUNHUV0RUHNQRZOHGJHDERXWWKHVHIDFWRUVPD\SURYLGHLPSRUWDQW
LQIRUPDWLRQLQWKHLPSOHPHQWDWLRQRISUHYHQWLYHPHDVXUHVLQWKHLQGXVWU\
 
2.2 Objectives of the study 
2.2.1 General objective 
x 7RREWDLQNQRZOHGJHRQGXVWH[SRVXUHDQGUHVSLUDWRU\KHDOWKRIZRUNHUVLQ
SULPDU\FRIIHHSURFHVVLQJIDFWRULHVLQ7DQ]DQLD
2.2.2 Specific objectives 
x 7RPHDVXUHSHUVRQDOWRWDOGXVWDQGHQGRWR[LQOHYHOVDQGH[SORUHWKHLU
H[SRVXUHGHWHUPLQDQWVLQ5REXVWDDQG$UDELFDSULPDU\FRIIHHIDFWRULHV
3DSHUV	
x 7RDVVHVVFKURQLFUHVSLUDWRU\V\PSWRPVDPRQJFRIIHHZRUNHUVFRPSDUHGWRD
FRQWUROJURXS3DSHUV	
x 7RH[DPLQHDQGFRPSDUHOXQJIXQFWLRQDQGDLUZD\LQIODPPDWLRQDPRQJ
5REXVWDDQG$UDELFDFRIIHHZRUNHUVDQGDFRQWUROJURXS3DSHUV	
 
3. Methods 
3.1 Study area 
7KLVVWXG\ZDVGRQHLQFRIIHHIDFWRULHVLQWZRRIWKHFRIIHHJURZLQJUHJLRQVLQ
7DQ]DQLD.LOLPDQMDURDQG.DJHUD)LJ'XHWRGLIIHUHQFHVLQFXOWXUHDQG
VRFLRHFRQRPLFVWDWXVRQHFRQWUROIDFWRU\ZDVVHOHFWHGIURPHDFKUHJLRQ
7KHUHDUHIRXUSDUWLFLSDWLQJFRIIHHIDFWRULHVQDPHO\$%&DQG'DQGWZRFRQWURO
IDFWRULHVRQHEHYHUDJHDQGRQHILVKIDFWRU\&RIIHHIDFWRULHV$%DQGWKHEHYHUDJH
IDFWRU\DUHIURPDQ$UDELFDFRIIHHJURZLQJDUHDLQWKH.LOLPDQMDURUHJLRQDQG
IDFWRULHV&'DQGWKHILVKIDFWRU\DUHIURPD5REXVWDJURZLQJDUHDLQWKH.DJHUD
UHJLRQ$QRWKHUFRQWUROJURXSZDVPDGHIURPDQHDUE\KRWHODQGKRVSLWDOLQWKH
.LOLPDQMDURUHJLRQ
3.2 Study design 
7KLVVWXG\LVPDGHXSRIWKUHHFURVVVHFWLRQDOVWXGLHVFRQGXFWHGLQIRXUSULPDU\
FRIIHHIDFWRULHVLQWKUHHWLPHSHULRGV6WXG\,ZDVGRQHLQWKHWZR$UDELFD
FRIIHHIDFWRULHVIDFWRULHV$DQG%3DSHU,QWKLVVWXG\SHUVRQDOWRWDOGXVW
VDPSOHVZHUHWDNHQDQGLQWHUYLHZVIRUDFXWHDQGFKURQLFUHVSLUDWRU\V\PSWRPVZHUH
FRQGXFWHGDPRQJWKHFRIIHHZRUNHUV,QDGGLWLRQVDPSOHVIRUHQGRWR[LQDQDO\VLV
Q ZHUHWDNHQDVDSLORWVWXG\)LJ
%DVHGRQWKHILQGLQJVIURPVWXG\,WKHVHFRQGDQGWKLUGVWXGLHVZHUHGHYHORSHG7KH
VHFRQGFURVVVHFWLRQDOVWXG\ZDVFRQGXFWHGLQIDFWRU\$,QWKLVVWXG\
SHUVRQDOWRWDOGXVWVDPSOLQJZDVFRQGXFWHGLQWKHFRIIHHIDFWRU\3DSHUV	
$VVHVVPHQWVRIDLUZD\LQIODPPDWLRQZDVSHUIRUPHGDPRQJWKHQRQVPRNLQJFRIIHH
ZRUNHUVDQGDPRQJDFRQWUROPDGHRIZRUNHUVIURPDQHDUE\KRWHODQGKHDOWKFDUH
ZRUNHUVZKRZHUHDWWHQGLQJDVHPLQDUDWDKRWHO3DSHU
7KHWKLUGFURVVVHFWLRQDOVWXG\ZDVGRQHLQLQIRXUFRIIHHIDFWRULHV$%&
DQG'DQGLQWZRFRQWUROIDFWRULHV7KHEHYHUDJHIDFWRU\DQGWKHILVKIDFWRU\SDSHU
	7KLVVWXG\LQFOXGHGIDFWRULHVIURPERWKWZRW\SHVRIFRIIHH,QWKLVVWXG\
 
SHUVRQDOWRWDOGXVWVDPSOLQJZDVGRQHLQWKUHHRIWKHFRIIHHIDFWRULHV%&DQG'
DQGLQWKHWZRFRQWUROIDFWRULHV,QWHUYLHZRQUHVSLUDWRU\V\PSWRPVOXQJIXQFWLRQ
WHVWDQGDVVHVVPHQWRIDLUZD\LQIODPPDWLRQZHUHSHUIRUPHGLQDOOIDFWRULHV)LJ

)LJXUH$VFKHPDWLFVXPPDU\RIGDWDFROOHFWLRQLQFRIIHHIDFWRULHV$%&DQG'DQG
FRQWUROIDFWRULHVEHYHUDJHIDFWRU\KHDOWKFDUHDQGKRWHOZRUNHUVDQGILVKIDFWRU\
3.2.1 Description of participating factories 
Factory A  
)DFWRU\$ZDVHVWDEOLVKHGLQLQ0RVKLWRZQZLWKPDFKLQHVPDQXIDFWXUHGLQ
2QDYHUDJHWKHIDFWRU\KXOOVWRQQHVRISDUFKPHQWFRIIHHSHU
VHDVRQ7KHIDFWRU\RSHUDWHVIXOO\IURP-XO\WR0DUFKHDFK\HDU7KH\KDYHPDLQO\
RQHVKLIWIURPWRZLWKDQH[FHSWLRQGXULQJWKHSHDNVHDVRQZKHQWKH\
KDYHWZRVKLIWV7KHIDFWRU\KDVWZRSUHPLVHVFORVHWRHDFKRWKHURQHIRUWKHIDFWRU\
DQGWKHRWKHUIRUWKHVWRUDJHRIERWKSDUFKPHQWDQGJUHHQFRIIHHEHDQV
7KHKXOOHUDQGJUDYLW\WDEOHPDFKLQHVDUHILWWHGZLWKH[KDXVWSLSHVDQGKRRGVWR
UHGXFHGXVWFRQFHQWUDWLRQVLQWKHZRUNSODFHDWPRVSKHUH*HQHUDOYHQWLODWLRQLQWKH
IDFWRU\LVRIQDWXUDOW\SHZLWKGRRURSHQLQJVYHQWLODWLRQEORFNOD\HUVRQWKHZDOOV
DQGRSHQLQJVDORQJWKHURRI
Factory B
)DFWRU\%LVORFDWHGLQ0RVKL7RZQLQWKH.LOLPDQMDURUHJLRQ,WZDVHVWDEOLVKHGLQ
WKHVWKHILUVWFRIIHHIDFWRU\LQ7DQ]DQLD7KHIDFWRU\SURFHVVHVDQDYHUDJHRI
 
WRQQHVRISDUFKPHQWFRIIHHD\HDUZKLFKLVRILWVFDSDFLW\7KHIDFWRU\
KXOOVFRIIHHIURPIDUPHUV¶XQLRQVVPDOOVFDOHFRIIHHJURZHUVSULYDWHSDUFKPHQW
FRIIHHEX\HUVDQGHVWDWHFRIIHHJURZHUVLQ1RUWK(DVW7DQ]DQLD
7KHIDFWRU\KDVWKUHHIORRUV7KHJURXQGIORRUKDVPDFKLQHVIRUSUHFOHDQLQJ
GHVWRQLQJEORZLQJJUDGH)FRIIHHDQGEXONLQJ7KHILUVWIORRULVHTXLSSHGZLWK
KXOOLQJPDFKLQHVDQGFDWDGRUV7KHUHLVDOVRRQHKRSSHUDQGDFRORXUVHSDUDWRU
FKDPEHU7KHVHFRQGIORRUKDVWKHJUDGLQJPDFKLQHVWKHUROOHUJUDGHUDQGJUDYLW\
WDEOH&DWDGRUVEHJLQLQWKLVIORRUDQGSURFHHGWRWKHILUVWIORRU7KHUHLVRQHKRSSHU
RSHQLQJLQWKLVDUHDDVZHOO7KHUHPDLQLQJDUHDLVXVHGIRUGU\LQJFRIIHHWKDWGLGQRW
PHHWWKHKXPLGLW\FULWHULD
7KHIDFWRU\KDVERWKROGDQGQHZPDFKLQHU\WKDWRQVRPHRFFDVLRQVDUHRSHUDWHG
VLPXOWDQHRXVO\KRZHYHUWKHROGPDFKLQHVDUHXVHGIUHTXHQWO\7KHUHDUHYHQWLODWLRQ
EORFNOD\HUVDQGYHQWLODWLRQIDQVRQWKHZDOOV+RZHYHURQO\RQHYHQWLODWLRQIDQZDV
ZRUNLQJLQDQGWZRZHUHZRUNLQJLQDQGWKHVHZHUHRSHUDWHG
LQWHUPLWWHQWO\7KHUHDUHKRRGVLQWKHEXONLQJDQGSUHFOHDQLQJDUHDVWKDWZHUHRXWRI
RUGHU
Factory C
)DFWRU\&ZDVHVWDEOLVKHGLQLQWKH.DJHUDUHJLRQ,QWKHSURGXFWLRQ
PDFKLQHVZHUHVXEVWLWXWHGE\QHZHURQHVPDGHLQLQWKHKRSSHUSUH
FOHDQHUVKXOOHUVDQGJUDGHUV7KHEXONLQJPDFKLQHVZHUHQRWFKDQJHG7KHIDFWRU\
RSHUDWHVIURP-XQHWR-DQXDU\0DUFKGHSHQGLQJRQWKHVHDVRQ,WRSHUDWHVRQRQH
VKLIWWRDQGDQDYHUDJHRIWRQQHVLVSURFHVVHGLQDGD\
7KHIDFWRU\KDVWZRVHSDUDWHSURGXFWLRQKDOOV7KHKRSSHUDQGSUHFOHDQHUVDUHLQKDOO
RQH7KHKXOOHUVKDQGKXOOHGFRIIHHKRSSHUDQGJUDYLW\WDEOHDUHLQKDOOWZRZLWK
EXONLQJPDFKLQHVDQGSDFNLQJLQDQH[WHQGHGDUHDRIWKLVKDOO7KHGHVWRQHUVKXOOHUV
DQGJUDYLW\WDEOHDUHILWWHGZLWKGXVWH[KDXVWKRRGV9HQWLODWLRQLVE\QDWXUDOFURVV
YHQWLODWLRQ7KHUHLVRQHYHQWLODWLRQIDQLQWKHKXOOHUDUHD+XVNVIURPWKHKXOOHUDQG
IOXII\FKHUULHVIURPWKHKRSSHUDUHH[WUDFWHGE\DQH[KDXVWSLSHWRWKHGLVSRVDODUHD
RXWGRRUV
 
Factory D  
)DFWRU\'LVUHODWLYHO\QHZHVWDEOLVKHGLQLQ.DJHUDUHJLRQZLWKPDFKLQHV
PDGHLQDQGZKLFKDUHLQVWDOOHGLQRQHSURGXFWLRQKDOO7KHIDFWRU\LV
RSHUDWHGLQWZRVKLIWVWKDWLVIURPWRDQGIURPWRDP$WDQ
DYHUDJHERWKVKLIWVSURFHVVWRQQHVSHUGD\
9HQWLODWLRQLQIDFWRU\'LVWKURXJKJULGEORFNV[PLQVL]HZKLFKLVDORQJWKH
RXWHUZDOOVDQGDOVRE\DPKLJKRSHQLQJRIEHWZHHQWKHURRIDQGWZRRXWHU
ZDOOV7KHUHDUHDOVRWZRZLGHRSHQGRRUVRQRQHRIWKHZDOOV+XVNVDQGGXVWIURP
WKHSUHFOHDQHUKXOOHUVDQGJUDGHUVDUHFRQYH\HGE\DSLSHWRWKHSLOLQJDUHDDWWKH
UHDUVLGHRIWKHEXLOGLQJ
The control groups 
1.1.1.1.1 The beverage factory 
7KHIDFWRU\LVORFDWHGLQWKH.LOLPDQMDURUHJLRQLQ0RVKLWRZQDSSUR[LPDWHO\NP
IURPWKHFRIIHHIDFWRULHV7KHIDFWRU\ZDVHVWDEOLVKHGLQDQGLWSURGXFHV
EHYHUDJHV0RVWRIWKHZRUNVDUHPHFKDQLFDO+RZHYHUORDGLQJDQGXQORDGLQJRI
ER[HVDQGFUDWHVRQWKHSURGXFWLRQOLQHVDQGLQWUXFNVDUHGRQHPDQXDOO\7KH
IDFWRU\HPSOR\VDERXWZRUNHUVDQGDERXWFDXVDOZRUNHUV+HDY\OLIWLQJDQG
VWDFNLQJLVGRQHE\EDWWHU\SRZHUHGIRUNOLIWWUXFNVLQVLGHDQGE\GLHVHOSRZHUHG
IRUNOLIWWUXFNVRXWVLGHWKHEXLOGLQJ
7KHIDFWRU\SURGXFHVVRIWGULQNIRUWKH1RUWK(DVWUHJLRQVRI6LQJLGD'RGRPD
.LOLPDQMDUR$UXVKDDQG7DQJD
1.1.1.1.2 The fish factory
7KLVIDFWRU\LVVLWXDWHGDERXWNPIURPWKHFRIIHHIDFWRU\LQ%XNRED±.DJHUD
UHJLRQ7KHIDFWRU\KDVDERXWHPSOR\HHVLQWKHILVKSURGXFWLRQOLQH7KHILVK
SODQWVNLQVGHERQHVIUHH]HVDQGSDFNVIUHVKDQGIUR]HQILVKIRUH[SRUW7KHILVKDUH
PDQXDOO\EHKHDGHGGHJXWWHGVNLQQHGDQGDUHHLWKHUFRQYH\HGRQEHOWVWRDTXLFN
WXQQHOIUHH]LQJPDFKLQHRUWRPDQXDOSDFNLQJDVIUHVKILOOHWV$OOWKHSDFNHGILVKDUH
VWRUHGLQFROGURRPVDQGIUHH]HUVUHDG\WREHWUDQVSRUWHG
 
Hotel and healthcare workers  
7KHKRVSLWDOZKHUHWKHFRQWUROVLQWKHVHFRQGVWXG\ZRUNLVNPIURPWKHIDFWRU\
7KHKRWHOLVORFDWHGQHDUWKHIDFWRU\,WRIIHUVUHVWDXUDQWDQGDFFRPPRGDWLRQVHUYLFHV
7KHZRUNHUVDUHLQYROYHGLQKRXVHNHHSLQJVHUYLQJDQGUHFHSWLRQZRUN&OHDQHUV
FRRNVZHUHQRWLQFOXGHGLQWKHVWXG\
3.3 Sample size 
7KHVDPSOHVL]HZDVGLIIHUHQWLQWKHWKUHHVWXGLHV,QILUVWVWXG\VDPSOHVL]HZDV
FDOFXODWHGEDVHGRQWKHSUHYDOHQFHRIFRXJKDPRQJFRIIHHZRUNHUVDQGDPRQJ
FRQWUROV$VWDWLVWLFDOSRZHURIDWDVLJQLILFDQWOHYHORIJDYHDQ
HVWLPDWHGVDPSOHVL]HRILQGLYLGXDOVLQHDFKRIWKHH[SRVHGDQGWKHFRQWUROJURXSV
7KHVHFRQGVWXG\ZDVDSLORWVWXG\IRUH[KDOHGQLWULFR[LGHZKHUHDOOQRQVPRNLQJ
FRIIHHZRUNHUVZHUHLQFOXGHGZLWKDVLPLODUQXPEHURIFRQWUROV
,QWKHWKLUGVWXG\WKHWKUHHRXWFRPHVWREHFRQVLGHUHGZHUHWKHSUHYDOHQFHIRUFKURQLF
UHVSLUDWRU\V\PSWRPV)(12OHYHOVDQGOXQJIXQFWLRQDPRQJFRIIHHZRUNHUV
FRPSDUHGWRDFRQWUROJURXS7KHVDPSOHVL]HZDVHVWLPDWHGEDVHGRQOXQJIXQFWLRQ
)9&DULWKPHWLFPHDQ/VWDQGDUGGHYLDWLRQ6'DPRQJH[SRVHGDQG/
DPRQJFRQWUROV7KLVPHDQGLIIHUHQFHJDYHDVDPSOHVL]HRILQWKH
H[SRVHGJURXSDQGLQWKHFRQWUROJURXSDWDVWDWLVWLFDOSRZHURIZLWKD
VLJQLILFDQWOHYHORI7KLVQXPEHUZDVKLJKHUWKDQDQ\RIWKHRWKHURXWFRPHVRI
LQWHUHVW
2XUVDPSOLQJXQLWZDVDSURGXFWLRQOLQHZRUNHULQERWKFRIIHHIDFWRULHVDQGFRQWURO
IDFWRULHV,QWKHVHFRQGVWXG\WKHVDPSOLQJXQLWIRUFRQWUROZDVDZRUNHUWKDWKDGQRW
EHHQH[SRVHGWRFRIIHHGXVWRUZRUNHGLQDQ\FRIIHHIDFWRU\
3.4 Selection of participants 
7KHQXPEHURIHPSOR\HHVLQSURGXFWLRQOLQHVLQWKHFRIIHHIDFWRULHVYDULHVGHSHQGLQJ
RQWKH\LHOGLQWKHSDUWLFXODUVHDVRQ,QWKHILUVWVWXG\FRIIHHIDFWRULHVIURP
.LOLPDQMDUR$DQG%KDGDWRWDOQXPEHURISHUPDQHQWSURGXFWLRQOLQHZRUNHUV
 
DQGSHUPDQHQWSURGXFWLRQOLQHZRUNHUVLQFOXGLQJJXDUGVDQGVXSHUYLVRUVZKR
KDYHRIILFHVLQWKHSURGXFWLRQDUHDUHVSHFWLYHO\7KHQXPEHUZDVVLJQLILFDQWO\
UHGXFHGLQWKHVHFRQGDQGWKLUGVWXGLHVDQGSURGXFWLRQZRUNHUVLQ$DQG%
UHVSHFWLYHO\7KHFRIIHHIDFWRULHVLQ.DJHUDKDGDQGSURGXFWLRQZRUNHULQ
IDFWRULHV&DQG'UHVSHFWLYHO\7KHFRQWUROIDFWRU\LQ.LOLPDQMDURDEHYHUDJH
IDFWRU\KDGSHUPDQHQWHPSOR\HHVDQGDERXWFDVXDOZRUNHUVZKHUHDVWKHILVK
IDFWRU\LQ.DJHUDKDGZRUNHUV2QO\SHUPDQHQWHPSOR\HGZRUNHUVZHUH
DFFHVVLEOHIRUWKHVWXGLHV
$OOSURGXFWLRQZRUNHUVLQWKHFRIIHHIDFWRULHVZHUHLQYLWHGWRSDUWLFLSDWH,QWKH
H[SRVXUHDVVHVVPHQWZRUNHUVZHUHVHOHFWHGUDQGRPO\IURPVHFWLRQOHDGHUV¶OLVWVLQ
IDFWRULHV%&DQG',QWKHILUVWVWXG\LQIDFWRU\$SDUWLFLSDQWVZLWKRGGQXPEHUV
ZHUHVHOHFWHGIURPWKHOHDGHUVOLVWIRUGXVWVDPSOLQJZKLOHLQIDFWRU\%WKH\ZHUH
VHOHFWHGUDQGRPO\IURPWKHVHFWLRQOHDGHU¶VOLVW,QWKHVHFRQGVWXG\LQIDFWRU\$
RQO\WKHQRQVPRNLQJSURGXFWLRQZRUNHUVZHUHLQFOXGHG,QWKHFRQWUROIDFWRU\
SDUWLFLSDQWVIRUERWKH[SRVXUHDQGUHVSLUDWRU\KHDOWKDVVHVVPHQWZHUHUDQGRPO\
VHOHFWHGIURPGLIIHUHQWVHFWLRQVXVLQJWKHOHDGHU¶VOLVW,QWKHFRQWUROIDFWRU\D
IUDFWLRQRIZRUNHUVZHUHUDQGRPO\VHOHFWHGWRILWWKHVDPSOHVL]HUHTXLUHG,QWKH
VHFRQGVWXG\DFRQWUROJURXSZDVPDGHIURPQRQVPRNLQJZRUNHUVLQDKRWHOQHDUWKH
IDFWRU\Q DQGKHDOWKIDFLOLW\ZRUNHUVDWWHQGLQJDVHPLQDUQ 
7KHFRQWUROJURXSVLQDOOVWXGLHVZHUHDVVXPHGWRKDYHDVLPLODUVRFLRHFRQRPLF
VWDWXVWRWKHFRIIHHZRUNHUVH[FHSWIRUWKHKRVSLWDOZRUNHUVLQWKHVHFRQGVWXG\
3.5 Exposure assessment and laboratory analyses 
3HUVRQDOWRWDOGXVWVDPSOHVZHUHFROOHFWHGLQWKUHHVWXGLHVGXULQJWKLVUHVHDUFK)LJ
,QWKHILUVWVWXG\VDPSOHVFROOHFWHGZHUHDQDO\VHGIRUWRWDOGXVWQ DQG
HQGRWR[LQQ DVDSLORWVWXG\
,QWKHVHFRQGDQGWKLUGVWXGLHVWKHVDPSOHVZHUHDQDO\VHGERWKJUDYLPHWULFDOO\DQG
IRUHQGRWR[LQ,QDOOVWXGLHVWRWDOGXVWVDPSOHVZHUHFROOHFWHGWKURXJKRXWWKHZRUNLQJ
VKLIWIURPWKHEUHDWKLQJ]RQHRIWKHSDUWLFLSDQW6LGH.LFN&DVHOOD6.&SXPSVZHUH
 
RSHUDWHGDWDIORZUDWHRI/PLQ0RVWRIWKHFRIIHHZRUNHUVURWDWHEHWZHHQ
GLIIHUHQWDFWLYLWLHVKHQFHWKHZRUNHUV¶DFWLYLWLHVGXULQJVDPSOLQJZDVUHFRUGHG
3.5.1 Dust sampling and analyses first study  
,QWKHILUVWVWXG\WKUHHSLHFHFORVHGIDFHGFRQGXFWLYHPPFDVVHWWHVZHUHXVHGIRU
SHUVRQDOWRWDOGXVWVDPSOLQJ)LJ&HOOXORVHDFHWDWHILOWHUVRIPSRUHVL]H
ZHUHXVHGIRUWRWDOGXVWVDPSOHVQ *ODVVILEUHILOWHUVRIPSRUHVL]HQ 
ZHUHXVHGWRVDPSOHWRWDOGXVWZKLFKZDVDQDO\VHGIRUHQGRWR[LQ
7KHGXVWVDPSOHVZHUHWUDQVSRUWHGWR1RUZD\DVKDQGOXJJDJHDQGWKHQVHQWWR
'HQPDUNIRUDQDO\VLVDW(XURILQV/DERUDWRU\7KHVHVDPSOHVZHUHJUDYLPHWULFDOO\
DQDO\VHGXVLQJDPLFUREDODQFH$70HWWOHU7ROHGRZLWKDGHWHFWLRQOLPLWRI
PJPIRUKUVDPSOLQJWLPH7KHUHVXOWVZHUHFDOFXODWHGDVPJPXVLQJWKH
VDPSOHGYROXPH2QHVDPSOHZDVQRWDQDO\VHGVLQFHWKHSXPSVWRSSHGGXULQJ
ZRUNLQJVDPSOLQJ

)LJXUH6DPSOLQJRISHUVRQDOWRWDOGXVWGXULQJSDFNLQJ
7KHHQGRWR[LQVDPSOHVZHUHVWRUHGLQDUHIULJHUDWRUEHIRUHEHLQJWUDQVSRUWHGWR
1RUZD\DVKDQGOXJJDJH7KH\ZHUHWKHQVHQWWRWKHODERUDWRU\DWWKH1RUZHJLDQ
 
,QVWLWXWHRI2FFXSDWLRQDO+HDOWK1,2+2VORIRUH[WUDFWLRQDQGDQDO\VLVRI
HQGRWR[LQ
)LOWHUVIRUHQGRWR[LQZHUHLPPHUVHGLQQRQS\URJHQLFZDWHUZLWKRI7ZHHQ
DQGZHUHVKDNHQRQDURWDU\VKDNHUIRUKRXU7KHHQGRWR[LQH[WUDFWZDVDQDO\VHG
XVLQJWKH.LQHWLFFKURPRJHQLF/$/WHVW
3.5.2 Dust sampling and analyses in the second and third studies 
,QWKHVHFRQGDQGWKLUGVWXGLHVWKUHHSLHFH&)&PPGLDPHWHU)LJZHUH
XVHGIRUWRWDOGXVWVDPSOLQJ3RO\FDUERQDWHILOWHUVZLWKSRUHVL]HRIPZHUH
XVHG
,QWKHVHFRQGVWXG\GXVWVDPSOLQJZDVFRQGXFWHGLQIDFWRU\$IRUWKUHHGD\VZKHQ
ZHWSUHSURFHVVHG$UDELFDFRIIHHZDVSURFHVVHGDQGRQHGD\ZKHQGU\SUHSURFHVVHG
$UDELFDFRIIHHZDVSURFHVVHG,QWKHWKLUGVWXG\GXVWZDVVDPSOHGZKHQSURFHVVLQJ
ZHWSUHSURFHVVHG$UDELFDLQIDFWRU\$DQG%DQGGU\SUHSURFHVVHG5REXVWDIDFWRU\
&DQG'

)LJXUHD7KUHHSLHFHFRQGXFWLYHPPFDVVHWWHVDQGEWKUHHSLHFHSODVWLFPPFDVVHWWHV
6RXUFH3DOO&RRSHUDWLRQ/LIH6FLHQFH

6DPSOHVZHUHVWRUHGDWORZWHPSHUDWXUHVDIWHUFROOHFWLRQ6DPSOHVIURPWKHVHFRQG
VWXG\Q ZHUHVWRUHGLQDUHIULJHUDWRUDQGWUDQVSRUWHGWR1RUZD\ZKHUHWKH\ZHUH
NHSWIUR]HQEHIRUHWUDQVSRUWWR/XQG0HGLFDO/DERUDWRU\IRUDQDO\VLV6DPSOHVIURP
WKLUGVWXG\Q ZHUHVWRUHGLQDIUHH]HUDWWKHHQGRIHDFKVDPSOLQJGD\&
7KHVHZHUHWUDQVSRUWHGZLWKIUHH]HSDFNVWR'DUHV6DODDPVWRUHGLQDIUHH]HUDQG
 
ODWHUWUDQVSRUWHGWR1RUZD\SDFNHGZLWKIUHH]HSDFNV7KHVDPSOHVZHUHWKHQVHQWWR
/XQGPHGLFDOODERUDWRU\LQ6ZHGHQIRUDQDO\VLV7KHILOWHUVZHUHNHSWIUR]HQXQWLOWKH
DQDO\VLVGD\(QGRWR[LQVZHUHH[WUDFWHGIURPDOOWKHGXVWVDPSOHVFROOHFWHGLQVHFRQG
DQGWKLUGVWXG\7KHDQDO\VLVZDVE\NLQHWLFFKURPRJHQLF/LPXOXV$PHERF\WHO\VDWH
/$/WHVWDVGHVFULEHGE\/DQHDWDO
3.6 Assessment of respiratory health 
5HVSLUDWRU\KHDOWKZDVDVVHVVHGE\TXHVWLRQQDLUHLQWHUYLHZOXQJIXQFWLRQWHVWVDQG
PHDVXUHPHQWRI)(12DVDELRPDUNHUIRUDLUZD\LQIODPPDWLRQ
3.6.1 Assessment of chronic respiratory symptoms 
$OOSDUWLFLSDQWVZKRDJUHHGWRSDUWLFLSDWHLQWKHILUVWDQGWKLUGVWXG\ZHUHLQWHUYLHZHG
RQZRUNKLVWRU\HGXFDWLRQSUHYLRXVUHVSLUDWRU\LOOQHVVHVFRRNLQJIXHOXVHKDQGOLQJ
RISHVWLFLGHVVPRNLQJKDELWVFKURQLFUHVSLUDWRU\V\PSWRPVDQGRFFXUUHQFHRI
DVWKPDV\PSWRPV4XHVWLRQVDGDSWHGIURPWKH$76VWDQGDUGLVHGTXHVWLRQQDLUHIRU
DVVHVVLQJUHVSLUDWRU\V\PSWRPVDPRQJDGXOWVZHUHXVHGDQGLQDGGLWLRQVSHFLILF
RQTXHVWLRQVDVWKPDZHUHXVHGIURPWKH(5&+6TXHVWLRQQDLUH$OOTXHVWLRQV
ZHUHWUDQVODWHGWR.LVZDKLOLDQGWUDQVODWHGEDFNWR(QJOLVKE\GLIIHUHQWSHUVRQV7KH
WUDQVODWHG(QJOLVKYHUVLRQTXHVWLRQQDLUHZDVFRPSDUHGWRWKHRULJLQDOYHUVLRQDQG
DQ\TXHVWLRQVWKDWGLGQRWKDYHVLPLODUPHDQLQJVZHUHFRUUHFWHG$SSHQGL[
3.6.2 Assessment of airway inflammation 
)UDFWLRQDOH[KDOHGQLWULFR[LGH)(12ZDVDVVHVVHGDVDQLQIODPPDWRU\ELRPDUNHU,W
KDVEHHQVXJJHVWHGWKDWVPRNLQJORZHUVWKHOHYHOVRI)(12KHQFH)(12ZDV
PHDVXUHGDPRQJWKHQRQVPRNHUVRQO\$OOQRQVPRNHUVZKRSDUWLFLSDWHGLQ
UHVSLUDWRU\V\PSWRPDVVHVVPHQWVZHUHLQYLWHGWRSDUWLFLSDWH7KHDVVHVVPHQWZDV
GRQHDFFRUGLQJWR$76(56JXLGHOLQHVXVLQJDSRUWDEOHGHYLFH1,2;0,12
$HURFULQH$%6ROQD6ZHGHQZKLFKPHDVXUHV)(12YLDDQHOHFWURFKHPLFDOVHQVRU
+RZHYHUGXHWRWLPHDQGHFRQRPLFFRQVWUDLQWVRQO\RQHPHDVXUHPHQWZDVWDNHQSHU
SHUVRQ6WXGLHVKDYHVKRZQWKDWDVLQJOHPHDVXUHPHQWXVLQJ1,2;0,12LV
DGHTXDWH5RRP12ZDVSSERQWKHGD\VRI)(12PHDVXUHPHQWVDQGRQ
 
RFFDVLRQVZKHQWKHURRP12ZDVKLJKHUWKDQSSE)(12PHDVXUHPHQWVZHUHQRW
SHUIRUPHG5HFRPPHQGHG)(12YDOXHVIRUDGXOWVKDYHEHHQHVWDEOLVKHG)(12OHYHO
SSELVFRQVLGHUHGWREHQRUPDOSSEUHSUHVHQWLQWHUPHGLDWHYDOXHVDQG
VKRXOGEHLQWHUSUHWHGZLWKFDXWLRQDQGOHYHOVDERYHSSELQGLFDWHSHUVLVWHQWO\KLJK
YDOXHVZKLFKPD\EHUHODWHGWRWKHSUHVHQFHRIDLUZD\LQIODPPDWLRQ1RQHRI
WKHSDUWLFLSDQWVZHUHRQFRUWLFRVWHURLGPHGLFDWLRQV
3.6.3 Lung function testing 

)LJXUH$SDUWLFLSDQWSHUIRUPLQJOXQJIXQFWLRQPDQRHXYUH
/XQJIXQFWLRQZDVPHDVXUHGE\VSLURPHWHUIRUDOOZKRDJUHHGWRSDUWLFLSDWHLQWKH
VWXG\7KHWHVWVZHUHSHUIRUPHGLQDFFRUGDQFHZLWK$76JXLGHOLQHVIRUVSLURPHWU\
7KHWHVWZDVSHUIRUPHGXVLQJDSRUWDEOHVSLURPHWHU63,5$5(VHQVRUPRGHO
636E\'LDJQRVWLFD$62VOR1RUZD\FRQQHFWHGWRDODSWRS7KHPDQRHXYUHV
ZHUHGRQHLQVWDQGLQJSRVLWLRQ(DFKZRUNHUZDVDVNHGWRLQKDOHGHHSO\WRPD[LPXP
OXQJFDSDFLW\DQGH[KDOHIRUFHIXOO\LQWRWKHGHYLFH7KUHHVXFFHVVIXOPDQRHXYUHV
ZHUHUHFRUGHGDQGWKHEHVWZHUHUHWDLQHGIRUDQDO\VLV)LJ7KHOXQJIXQFWLRQ
SDUDPHWHUVWKDWZHUHUHFRUGHGZHUHIRUFHGH[SLUDWRU\YROXPHLQRQHVHFRQG)(9
)RUFHGYLWDOFDSDFLW\)9&DQGWKHUDWLR)(9)9&
 
3.7 Statistical analysis
'DWDZHUHDQDO\VHGXVLQJ6366:LQGRZVYHUVLRQDQG3DSHUDQG,%0
6366YHUVLRQIRU:LQGRZV3DSHU±
&DWHJRULFDOYDULDEOHVZHUHFRPSDUHGXVLQJFKLVTXDUHWHVWDQG)LVFKHU¶VH[DFWWHVWV
7KHSUHYDOHQFHUDWLRRIFDWHJRULFDOYDULDEOHVZDVFDOFXODWHGE\XVLQJWKHJHQHUDOL]HG
OLQHDUPRGHOV¶3RLVVRQUHJUHVVLRQPRGHOZLWKUREXVWHVWLPDWRU3DSHU%LQDU\
ORJLVWLFUHJUHVVLRQZLWKUREXVWHVWLPDWRUZDVXVHGWRFDOFXODWHRGGVUDWLRV3DSHU
7KHDGMXVWLQJYDULDEOHVZHUHDJHVPRNLQJKDELW\HDUVZRUNHGLQGXVW\IDFWRULHV
RWKHUWKDQFRIIHHDQGSUHVHQFHRISUHYLRXVUHVSLUDWRU\LOOQHVV
7KHGLVWULEXWLRQRIPHDVXUHGYDOXHVIRUWRWDOGXVWHQGRWR[LQDQG)(12ZHUHVNHZHG
DQGWKHUHIRUHZHUHORJWUDQVIRUPHGEHIRUHDQDO\VLV&RQWLQXRXVYDULDEOHVZHUH
FRPSDUHGEHWZHHQWKHJURXSVE\LQGHSHQGHQWWWHVW3DSHU±&RUUHODWLRQV
EHWZHHQFRQWLQXRXVYDULDEOHVZHUHFDOFXODWHGE\3HDUVRQFRUUHODWLRQWHVWV
0XOWLSOHOLQHDUUHJUHVVLRQPRGHOVZHUHXVHGWRDVVHVVDGMXVWHGDVVRFLDWLRQVEHWZHHQ
)(12OHYHOV3DSHU	OXQJIXQFWLRQSDUDPHWHUV)(9)9&DQG)(9)9&
3DSHUDQGLQGHSHQGHQWYDULDEOHV,QGHSHQGHQWYDULDEOHVLQWKHVHPRGHOVZHUH
DJHKHLJKW3DSHU	ZRUNLQ$UDELFDFRIIHHIDFWRU\YHUVXV5REXVWDDQG
FXPXODWLYHH[SRVXUHWRWRWDOGXVWRUHQGRWR[LQ3DSHU9DULDEOHVZLWKSYDOXHRI
OHVVWKDQLQDQ\RIWKHPRGHOVIRUOXQJIXQFWLRQSDUDPHWHUVZHUHUHWDLQHGLQDOO
WKUHHPRGHOVIRUOXQJIXQFWLRQ6LPLODUO\LQWKH)(12PRGHORQO\WKHYDULDEOHVZLWK
DSYDOXHZHUHUHWDLQHGLQWKHILQDOPRGHO
7RDFFRXQWIRUUHSHDWHGVDPSOHVIURPLQGLYLGXDOZRUNHUVDQGIDFWRULHVOLQHDUPL[HG
PRGHOVZHUHXVHGWRHVWLPDWHWKHGHWHUPLQDQWVRIH[SRVXUHDQGWKHLUHIIHFWRQ
H[SRVXUHOHYHOV7KHLQGLYLGXDOZRUNHUDQGIDFWRU\ZHUHHQWHUHGDVUDQGRPHIIHFWV
ZKLOHWDVNVW\SHRIFRIIHHDQGIDFWRU\UHODWHGIDFWRUVVXFKDVSURGXFWLRQUDWH
YLJRURXVSRXULQJRIFRIIHHDQGKDYLQJPRUHWKDQRQHPDFKLQHLQRQHURRPZHUH
HQWHUHGDVIL[HGIDFWRUV)DFWRUVWKDWKDGDSYDOXHRIPRUHWKDQZHUHUHPRYHG
IURPWKHPRGHOV6HSDUDWHPRGHOVZHUHGHYHORSHGIRUWRWDOGXVWDQGHQGRWR[LQ3DSHU
7KHVLJQLILFDQWOHYHOZDVVHWWR
 
3.8 Ethical clearence 
7KHILUVWVWXG\ZDVJUDQWHGHWKLFDOFOHDUDQFHE\WKH5HJLRQDO&RPPLWWHHIRU0HGLFDO
DQG+HDOWK5HVHDUFK(WKLFV:HVW1RUZD\DQGWKH1DWLRQDO,QVWLWXWHIRU0HGLFDO
5HVHDUFKLQ7DQ]DQLD7KHVHFRQGDQGWKLUGVWXGLHVZHUHJUDQWHGHWKLFDOFOHDUDQFHE\
WKH0XKLPELOL8QLYHUVLW\RI+HDOWKDQG$OOLHG6FLHQFHV5HVHDUFK(WKLFV&RPPLWWHH
DQGWKH5HJLRQDO&RPPLWWHHIRU0HGLFDODQG+HDOWK5HVHDUFK(WKLFV:HVW1RUZD\
,QDOOVWXGLHVSHUPLVVLRQWRFRQGXFWWKHVWXG\ZDVDOVRREWDLQHGIURPWKHIDFWRULHV
PDQDJHPHQWZKHUHWKHREMHFWLYHVRIWKHVWXG\ZHUHDOVRH[SODLQHGLQGHWDLO7KH
REMHFWLYHVRIWKHVWXG\ZHUHH[SODLQHGWRHDFKZRUNHU7KRVHZKRDJUHHGWR
SDUWLFLSDWHZHUHUHTXHVWHGWRJLYHDZULWWHQFRQVHQW
 
4. Summary of Results 
4.1 Paper 1 
7RWDOGXVWH[SRVXUHOHYHOVLQWKHWZR$UDELFDFRIIHHIDFWRULHV$DQG%ZHUHKLJKHU
WKDQLQWKHFRQWUROIDFWRU\*0PJPYVPJP7KHYDULDELOLW\LQWRWDO
GXVWH[SRVXUHZDVKLJKHULQIDFWRU\%WKDQ$EXWWKHPHDQOHYHOVZHUHQRW
VLJQLILFDQWO\GLIIHUHQW*0YVPJPUHVSHFWLYHO\6ZHHSLQJZDVWKHWDVN
ZLWKKLJKHVWH[SRVXUHWRGXVWFRPSDUHGWRRWKHUWDVNV*0PHGLDQPJP
7KHXVHRIUHVSLUDWRU\SURWHFWLYHHTXLSPHQW53(ZDVORZDPRQJWKHFRIIHH
ZRUNHUVGHVSLWHWKHGXVWSURGXFHGGXULQJWKHSURFHVVHV7KH53(XVHGZHUH
GLVSRVDEOHPDVNVWKDWZHUHQRWFODVVLILHGDFFRUGLQJWRWKHTXDOLW\RISURWHFWLRQ,Q
IDFWRU\%RIWKRVHZKRGLGQRWKDYHDPDVNXVHGDSLHFHRIFORWKDVWKHLU53(
&RIIHHZRUNHUVKDGDKLJKHUSUHYDOHQFHRIPRUQLQJFRXJKZLWKVSXWXPDQG
FKHVWWLJKWQHVVFRPSDUHGWRFRQWUROVDQGUHVSHFWLYHO\ZLWK
DGMXVWHGSUHYDOHQFHUDWLRV35&,±DQG±
UHVSHFWLYHO\
4.2 Paper 2 
7KLVVWXG\ZDVFRQGXFWHGLQRQH$UDELFDFRIIHHIDFWRU\WRDVVHVVIUDFWLRQDOH[KDOHG
QLWULFR[LGH)(12OHYHOVRIWKHZRUNHUVDQGWRPHDVXUHERWKSHUVRQDOWRWDOGXVWDQG
HQGRWR[LQH[SRVXUHOHYHOV
7RWDOGXVWDQGHQGRWR[LQOHYHOVZHUHKLJKDPRQJFRIIHHZRUNHUV$0PJP
DQG(8PUHVSHFWLYHO\&RQWUROVZHUHZRUNLQJLQDKRVSLWDODQGLQRQHKRWHO
QHDUE\KHQFHGXVWDQGHQGRWR[LQH[SRVXUHVZHUHQRWDVVHVVHGIURPWKHLUZRUNSODFHV
7RWDOGXVWDQGHQGRWR[LQOHYHOVZHUHVLJQLILFDQWO\KLJKHUZKHQKXOOLQJGU\SUH
SURFHVVHG$UDELFDWKDQZHWSUHSURFHVVHG$UDELFD$0YVPJPDQG
YV(8PUHVSHFWLYHO\)(12PHDQOHYHOVZHUHKLJKHUDPRQJFRIIHH
ZRUNHUVWKDQFRQWUROVSSEYVSSE$JHDGMXVWHGOHYHOVRIORJWUDQVIRUPHG
)(12ZHUHKLJKHUDPRQJPDOHFRIIHHZRUNHUVFRPSDUHGWRPDOHFRQWUROVOLQHDU
 
UHJUHVVLRQFRHIILFLHQWRI&,LQGLFDWLQJWLPHVKLJKHU)(12
OHYHOVDPRQJFRIIHHZRUNHUVFRPSDUHGWRFRQWUROV
4.3 Paper 3 
7KLVSDSHUGHVFULEHVWRWDOGXVWDQGHQGRWR[LQH[SRVXUHOHYHOVLQ$UDELFDDQG5REXVWD
SULPDU\FRIIHHIDFWRULHVDQGEDVHGRQILQGLQJVIURP3DSHULWGHVFULEHVWKH
GHWHUPLQDQWVRIH[SRVXUH7RWDOGXVWDQGHQGRWR[LQOHYHOVZHUHKLJKHULQ5REXVWD
IDFWRULHVJHRPHWULFPHDQ*0PJPDQG(8PWKDQLQ$UDELFD
IDFWRULHV*0PJPDQG(8P7RWDOGXVWOHYHOVFRUUHODWHG
VLJQLILFDQWO\ZLWKHQGRWR[LQOHYHOVZLWKDFRUUHODWLRQFRHIILFLHQWRI6ZHHSLQJ
ZRUNDWWKHKRSSHUWKHKXOOHUDQGWKHJUDYLW\WDEOHZHUHWKHIRXUWDVNVZLWKKLJKHVW
GXVWH[SRVXUH
,QDOLQHDUPL[HGPRGHOKDQGOLQJGU\SUHSURFHVVHGFRIIHHLQFUHDVHGHQGRWR[LQ
H[SRVXUHE\DIDFWRURIFRPSDUHGWRKDQGOLQJZHWSUHSURFHVVHGFRIIHHEXWKDG
UHODWLYHO\ORZHUHIIHFWRQWRWDOGXVWOHYHOVWLPHVKLJKHUH[SRVXUH'LIIHUHQWWDVNV
HPHUJHGDVGHWHUPLQDQWIRUWRWDOGXVWDQGHQGRWR[LQH[SRVXUH:RUNDWWKHKRSSHU
ZDVDVLJQLILFDQWGHWHUPLQDQWIRULQFUHDVHGOHYHOVRIERWKWRWDOGXVWWLPHVKLJKHU
DQGHQGRWR[LQWLPHVKLJKHU:RUNDWWKHKXOOHULQFUHDVHGHQGRWR[LQOHYHOVE\D
IDFWRURIZKLOHZRUNDWWKHJUDYLW\WDEOHDQGVZHHSLQJLQFUHDVHGWRWDOGXVW
H[SRVXUHE\DIDFWRURIDQGUHVSHFWLYHO\7DVNVDQGSUHSURFHVVLQJPHWKRG
H[SODLQHGDQGRIWKHWRWDOYDULDELOLW\LQGXVWDQGHQGRWR[LQH[SRVXUH
UHVSHFWLYHO\)DFWRU\UHODWHGIDFWRUVGLGQRWUHPDLQLQWKHPRGHO
4.4 Paper 4 
,QWKHSUHYLRXVSDSHUV3DSHUVWKHUHZDVDTXHVWLRQVWLOOQRWDQVZHUHG,VWKHUHD
GLIIHUHQFHEHWZHHQ5REXVWDDQG$UDELFDFRIIHHZRUNHUVLQSUHYDOHQFHRIUHVSLUDWRU\
V\PSWRPVDLUZD\LQIODPPDWLRQDQGWKHLUYLWDOFDSDFLW\"7KLVSDSHUUHSRUWVWKH
SUHYDOHQFHRIFKURQLFUHVSLUDWRU\V\PSWRPVDPRQJ5REXVWDDQG$UDELFDFRIIHH
ZRUNHUV&RIIHHZRUNHUVKDGKLJKHUSUHYDOHQFHRIFRXJKZLWKVSXWXPFKHVW
WLJKWQHVVZKHH]LQJDQGDVWKPDV\PSWRPVWKDQWKHFRQWUROVWKHSUHYDOHQFHEHLQJ
 
KLJKHVWDPRQJ5REXVWDFRIIHHZRUNHUV7KH5REXVWDFRIIHHZRUNHUVUHSRUWHGKLJKHU
SUHYDOHQFHRIDWOHDVWRQHDVWKPDDWWDFNLQWKHSDVWWZHOYHPRQWKVFRPSDUHGWR
$UDELFDFRIIHHZRUNHUVYVUHVSHFWLYHO\DGMXVWHGIRUDJHKHLJKW\HDUV
ZRUNHGLQGXVW\IDFWRULHVRWKHUWKDQFRIIHHDQGSUHVHQFHRISUHYLRXVUHVSLUDWRU\
LOOQHVV25DGM&,±
7KHDJHDQGKHLJKWDGMXVWHGOXQJIXQFWLRQSDUDPHWHUVZHUHQRWGLIIHUHQWFRPSDULQJ
FRIIHHZRUNHUVDQGFRQWUROVRUZKHQFRPSDULQJ5REXVWDDQG$UDELFDFRIIHHZRUNHUV
+RZHYHULQWKHPXOWLSOHOLQHDUPRGHOVDGMXVWHGIRUDJHKHLJKW\HDUVZRUNHGLQ
GXVW\IDFWRULHVRWKHUWKDQFRIIHHDQGSUHVHQFHRISUHYLRXVUHVSLUDWRU\LOOQHVVWKHUH
ZDVDVLJQLILFDQWGHFUHDVHLQ)(9)9&UDWLRUHODWHGWRFXPXODWLYHGXVWDQGD
VLJQLILFDQWGHFUHDVHLQ)(9DQG)(9)9&ZLWKLQFUHDVHGFXPXODWLYHHQGRWR[LQ
7KHUHZDVQRGLIIHUHQFHLQ)(12OHYHOVEHWZHHQWKHJURXSV
 
5. Discussion 
5.1 Main discussion 
7KLVVWXG\UHSRUWVKLJKSHUVRQDOWRWDOGXVWDQGHQGRWR[LQH[SRVXUHDPRQJFRIIHH
ZRUNHUVZLWKRIWKHFROOHFWHGVDPSOHVH[FHHGLQJWKH2(/IRURUJDQLFGXVW
PJP1LQHW\QLQHSHUFHQWRIWKHVDPSOHVDQDO\VHGIRUHQGRWR[LQQ 
H[FHHGHGWKHKHDOWKEDVHGUHFRPPHQGHGH[SRVXUHYDOXHRI(8P7KH
VWXG\UHSRUWVKLJKHUSUHYDOHQFHIRUFKURQLFUHVSLUDWRU\V\PSWRPVDPRQJFRIIHH
ZRUNHUVWKDQWKHFRQWUROV3DSHUVDQGZLWKWKHKLJKHVWSUHYDOHQFHDPRQJWKRVH
KDQGOLQJGU\SUHSURFHVVHG5REXVWDFRIIHH3DSHU$PRQJWKHFRIIHHZRUNHUV
)(9GHFUHDVHGVLJQLILFDQWO\ZLWKLQFUHDVHLQFXPXODWLYHHQGRWR[LQH[SRVXUHZKLOH
)(9)9&UDWLRVKRZHGDVPDOOEXWVLJQLILFDQWGHFUHDVHZKHQERWKFXPXODWLYHGXVW
DQGHQGRWR[LQH[SRVXUHLQFUHDVHG3DSHU7KHOHYHORI)(12ZDVKLJKHUDPRQJ
$UDELFDFRIIHHZRUNHUVLQDKLJKSURGXFWLRQ\HDUKRZHYHUWKHVHUHVXOWVZHUHQRW
REVHUYHGLQWKHVXEVHTXHQW\HDU3DSHUZKHQWKHSURGXFWLRQZDVORZHU)LJ

)LJXUH 6HDVRQDOYDULDWLRQRIFRIIHHSURGXFWLRQIURP6RXUFH7&%
³Miaka 50 ya Uhuru na mapinduzi ya kilimo cha kahawa”
5.1.1 Dust exposure  
7KHSUHVHQWVWXG\KDVVKRZQKLJKSHUVRQDOWRWDOGXVWH[SRVXUHLQWKHFRIIHHIDFWRULHV
*0UDQJH±PJP7RWDOGXVWOHYHOVZHUHQRWGLIIHUHQWEHWZHHQ
IDFWRULHVSURFHVVLQJVLPLODUW\SHRIFRIIHHKRZHYHUWKHOHYHOVZHUHVLJQLILFDQWO\
KLJKHULQ5REXVWDIDFWRULHVFRPSDUHGWR$UDELFDIDFWRULHV*0YVPJP
7KHWRWDOGXVWH[SRVXUHOHYHOLQWKHSULPDU\FRIIHHIDFWRULHVLQWKHSUHVHQWVWXG\DUH
ORZHUWKDQWKRVHIRXQGLQVHFRQGDU\FRIIHHIDFWRULHVLQ&URDWLDLQ$0 
 
PJPDQG6ZHGHQ±PJPLQWKHJUHHQFRIIHHDUHDVDVZHOODVLQ
SULPDU\DQGVHFRQGDU\IDFWRULHVLQ8JDQGD5DQJHPJP±PJP7KH
GLIIHUHQFHFRXOGEHGXHWRGLIIHUHQWWHFKQRORJLHVRYHUWKH\HDUVWKUHHGHFDGHVDJR
SURFHVVLQJVWDJHLQVHFRQGDU\IDFWRULHVDQGWKHDPRXQWRIFRIIHHEHLQJSURFHVVHGLQ
WKH8JDQGDQIDFWRULHV,QWKH&URDWLDQIDFWRULHVXQORDGLQJEDJVZDVPDQXDOVLPLODUWR
RXUVWXG\EXWWKHPHDQOHYHOIRUWKLVWDVNZDVQRWJLYHQ$WWKHWLPHRIWKH8JDQGDQ
VWXG\8JDQGDZDVWKHELJJHVWH[SRUWHURI5REXVWDFRIIHHLQ$IULFDDQGWKLVFRXOG
KDYHEHHQGU\SUHSURFHVVHGZKLFKFRXOGDOVRH[SODLQWKHGLIIHUHQFHLQH[SRVXUH
OHYHOV7KHWRWDOGXVWOHYHOVIRXQGLQWKHSUHVHQWVWXG\DUHVLPLODUWRWKHWKRVH
PHDVXUHGLQDJUHHQFRIIHHZDUHKRXVHLQWKH8.ZKHQXQORDGLQJJUHHQFRIIHH
EDJVIURPORUULHVDQGWLSSLQJWKH*&%LQDFOHDQHUPJPYVPJP
,QWKHSUHVHQWVWXG\VHYHUDOWDVNVVXFKDVZRUNDWWKHKRSSHUVZHHSLQJDQGVRUWLQJ
FRIIHHDWWKHJUDYLW\WDEOHZHUHDVVRFLDWHGZLWKKLJKHUH[SRVXUHVWKDQWKHRWKHUV
3DFNLQJZDVQRWDVVRFLDWHGZLWKLQFUHDVHGH[SRVXUHOHYHOVFRQWUDU\WRILQGLQJV
UHSRUWHGIURPSULPDU\FRIIHHIDFWRULHVLQ3DSXD1HZ*XLQHD7KRXJKWDVNV
DVVRFLDWHGZLWKKLJKHUH[SRVXUHWRGXVWDUHGLIIHUHQWLQWKH3DSXD1HZ*XLQHDVWXG\
WKHVRUWLQJWDVNZDVDVVRFLDWHGZLWKKLJKHUH[SRVXUHVLPLODUWRWKHSUHVHQW
VWXG\
5.1.2 Endotoxin exposure  
(QGRWR[LQOHYHOVZHUHYHU\KLJKLQWKHFRIIHHIDFWRULHV*0 (8PUDQJH
(8P1LQHW\QLQHSHUFHQWRIWKHVDPSOHVH[FHHGHGWKHUHFRPPHQGHG
KHDOWKEDVHGRFFXSDWLRQDOH[SRVXUHYDOXHRI(8P7KHUHZDVKLJK
YDULDELOLW\LQHQGRWR[LQH[SRVXUHOHYHOVLQRXUVWXG\1RVWXGLHVKDYHSUHYLRXVO\
GHVFULEHGHQGRWR[LQH[SRVXUHLQSULPDU\FRIIHHIDFWRULHV+RZHYHUKLJKHUOHYHOVRI
HQGRWR[LQKDYHEHHQUHSRUWHGLQRWKHUDJULFXOWXUDOLQGXVWULHV$KLJKYDULDELOLW\LQ
HQGRWR[LQOHYHOVKDVEHHQDOVREHHQIRXQGLQDJULFXOWXUHLQGXVWULHVVXFKDVSRWDWR
SURFHVVLQJ*0UDQJH±(8PDQG±(8P
DJULFXOWXUDOVHHGSURFHVVLQJ±(8PDQGLQJUDLQSURFHVVLQJ
IDFWRULHV±7KHPHDQHQGRWR[LQOHYHOIURPWKHSUHVHQWVWXG\
ZDVKLJKHUWKDQWKRVHSUHVHQWHGIURPWKHRWKHUDJULFXOWXUDOLQGXVWULHV(YHQWKRXJK
 
RQHVKRXOGEHFDUHIXOLQFRPSDULQJHQGRWR[LQUHVXOWVDQDO\VHGLQGLIIHUHQW
ODERUDWRULHVGXHWRGLIIHULQJDQDO\VLVSURFHGXUHV
7DVNVDVVRFLDWHGZLWKKLJKHUGXVWOHYHOVZHUHVLPLODUO\DVVRFLDWHGZLWKKLJKHU
HQGRWR[LQOHYHOVH[FHSWIRUVZHHSLQJ2WKHUVWXGLHVRQRUJDQLFGXVWH[SRVXUHLQ
KHPSSURFHVVLQJSODQWDQGLQKRUVHVWDEOHVUHSRUWHGKLJKHUGXVWDQGHQGRWR[LQZKHQ
VZHHSLQJRUFOHDQLQJ7KLVGLIIHUHQFHZLWKWKHSUHVHQWVWXG\PLJKWEHGXHWR
GLIIHUHQWW\SHVRIZRUNSODFHVDQGGLIIHUHQWFOHDQLQJPHWKRGV)XUWKHUPRUHWKHUH
ZHUHIHZVDPSOHVDQDO\VHGIRUHQGRWR[LQIURPVZHHSLQJWDVNVLQWKHSUHVHQWVWXG\DV
VZHHSLQJZDVGRQHRQO\ZKHQQHHGHGDQGLQVSHFLILFDUHDV
5.1.3 Determinants of exposure 
7KHSUHVHQWVWXG\UHSRUWHGFHUWDLQWDVNVLQFRIIHHIDFWRULHVDVGHWHUPLQDQWVRI
H[SRVXUHIRUWRWDOGXVWDQGHQGRWR[LQ1HYHUWKHOHVVWKHVHZHUHQRWVLPLODUIRUERWK
WRWDOGXVWDQGHQGRWR[LQH[SRVXUHVZRUNDWWKHKRSSHUZDVWKHRQO\GHWHUPLQDQWIRU
ERWKH[SRVXUHV3DSHU6LPLODUO\WKHVWXG\LQFRIIHHIDFWRULHVLQ3DSXD1HZ
*XLQHDLQGLFDWHGWKDWWKHWDVNVRIKXVNLQJVRUWLQJDQGSDFNLQJZHUHDVVRFLDWHGZLWK
WLPHVLQFUHDVHLQGXVWH[SRVXUHOHYHOLQWKHFRIIHHIDFWRU\7KHHIIHFWRILV
KLJKHUWKDQWKDWRIRUDWWULEXWDEOHWRWDVNVLQWKHSUHVHQWVWXG\3DSHU7KH
GLIIHUHQFHFRXOGEHWKDWWDVNVZHUHFDUULHGRXWGLIIHUHQWO\ZLWKGLIIHUHQWW\SHVRI
PDFKLQHVDQGZRUNLQJHQYLURQPHQWLQWKHWZRVWXGLHV
6WXGLHVLQRWKHUDJULFXOWXUDOLQGXVWULHVKDYHDOVRVKRZQWDVNVWREHGHWHUPLQDQWVRI
H[SRVXUH,QVRPHRIVWXGLHVWKHGHWHUPLQDQWVIRUGXVWDQG
HQGRWR[LQVH[SRVXUHVZHUHDOVRQRWWKHVDPH,QWKHSUHVHQWVWXG\IDFWRUVOLNHWKH
PDFKLQHZLWKRUZLWKRXWOLGFRYHUDQGYLJRURXVDFWLYLW\GLGQRWH[SODLQWKHH[SRVXUH
OHYHOVLQWKHFRIIHHIDFWRULHV7KLVGLIIHUVIURPWKHUHVXOWVUHSRUWHGIURPDSRWDWR
SURFHVVLQJIDFWRU\ZKHUHRSHQUROOLQJPLOOVZHUHDVVRFLDWHGZLWKKLJKHQGRWR[LQ
H[SRVXUHFRPSDUHGWRWKHFORVHGRQHV
7KHSUHVHQWVWXG\IXUWKHUVKRZHGWKDWWKHW\SHRISUHSURFHVVLQJPHWKRGDWWKHIDUPV
KDGDVLJQLILFDQWHIIHFWRQWRWDOGXVWDQGHQGRWR[LQH[SRVXUHOHYHOV3URFHVVLQJRIGU\
SUHSURFHVVHGFRIIHHZDVDVVRFLDWHGZLWKDWLPHVLQFUHDVHLQGXVWH[SRVXUHDQG
 
WLPHVLQFUHDVHLQHQGRWR[LQ3URFHVVLQJHLWKHU5REXVWDRU$UDELFDFRIIHHGLGQRW
HPHUJHDVDGHWHUPLQDQWRIH[SRVXUHLQWKHPL[HGPRGHOV7KHVHUHVXOWVLQGLFDWHWKDW
WKHW\SHRIFRIIHHKDGDOHVVHULPSRUWDQFHDVDGHWHUPLQDQWRIH[SRVXUHFRPSDUHGWR
GU\RUZHWSUHSURFHVVHGFRIIHHUDZPDWHULDO7KHUHKDYHEHHQQRRWKHUVWXGLHV
FRQGXFWHGWRDVVHVVWKHGHWHUPLQDQWVRIH[SRVXUHLQFRIIHHIDFWRULHV+RZHYHUUHVXOWV
IURPRWKHUDJULFXOWXUDOLQGXVWULHVDQGIDUPVKDYHUHSRUWHGWKHW\SHRIUDZPDWHULDODV
DVLJQLILFDQWGHWHUPLQDQWIRULQFUHDVHLQH[SRVXUH
7KHGHWHUPLQDQWVLQRXUVWXG\H[SODLQHGPXFKRIWKHEHWZHHQZRUNHUYDULDELOLW\IRU
ERWKGXVWDQGHQGRWR[LQLQWKHPL[HGHIIHFWVPRGHOV2QWKHFRQWUDU\
WKHPRGHOVRQO\H[SODLQHGDQGRIWKHZLWKLQZRUNHUYDULDQFHIRUGXVWDQG
HQGRWR[LQ7KLVLVFRPSDUDEOHWRRWKHUVWXGLHVLQDJULFXOWXUDOLQGXVWULHVZKHUHQRQH
RUYHU\OLWWOHZLWKLQZRUNHUYDULDELOLW\ZDVH[SODLQHGPHDQLQJWKHUHLVQRW
PXFKYDULDELOLW\EHWZHHQGD\WRGD\ZRUN7KHGHWHUPLQDQWVLQWKLVVWXG\WKHWDVNV
DQGSURFHVVLQJGU\SUHSURFHVVHGFRIIHHEHVWH[SODLQHGWKHWRWDOYDULDQFHIRUERWK
GXVWDQGHQGRWR[LQH[SRVXUH
5.1.4 Chronic respiratory symptoms among coffee workers 
,QRXUVWXG\FRIIHHZRUNHUVKDGDKLJKHUSUHYDOHQFHRIFRXJKGD\DQGQLJKWFKHVW
WLJKWQHVVZKHH]LQJDQGDWOHDVWRQHDWWDFNRIDVWKPDV\PSWRPVLQWKHSDVWPRQWKV
FRPSDUHGWRWKHFRQWUROJURXS7KHSUHYDOHQFHIRUVRPHRIWKHFKURQLFUHVSLUDWRU\
V\PSWRPVIRXQGLQRXUVWXG\ZDVLQOLQHZLWKWKRVHIRXQGLQVHFRQGDU\FRIIHH
IDFWRULHVLQ&URDWLDFRXJKZLWKSKOHJPWKH86ORZHUUHVSLUDWRU\V\PSWRPV
DQGLQSULPDU\FRIIHHIDFWRULHVLQ8JDQGDFKHVWWLJKWQHVV
+RZHYHUORZHUSUHYDOHQFHRIFKURQLFFRXJKDQGKDVEHHQUHSRUWHG
IURPSULPDU\FRIIHHIDFWRULHVLQ3DSXD1HZ*XLQHDDQG8JDQGDIURPD
VHFRQGDU\FRIIHHIDFWRU\LQ8.ZKHH]HFRXJKG\VSQRHDDQGDPRQJ
GRFNZRUNHUVKDQGOLQJJUHHQFRIIHH7KLVPLJKWEHGXHWRGLIIHUHQFHVLQ
SURFHVVHVWDVNVH[SRVXUHOHYHOVDVZHOODVWKHJURXSRIZRUNHUVVHOHFWHGIRUWKH
DVVHVVPHQW)RUH[DPSOHWKHGRFNZRUNHUVZHUHQRWEHLQJFRQWLQXRXVO\H[SRVHG
 
,QWKHSUHVHQWVWXG\ZHKDYHUHSRUWHGKLJKHURGGVUDWLRIRUERWKFKURQLFUHVSLUDWRU\
V\PSWRPVDQGDVWKPDV\PSWRPV3DSHU6LPLODUWRRXUVWXG\KLJKHURGGVUDWLRIRU
FRXJKZLWKVSXWXPKDYHEHHQUHSRUWHGSUHYLRXVO\DPRQJSULPDU\DQGVHFRQGDU\
FRIIHHIDFWRU\ZRUNHUV
)HZVWXGLHVKDYHUHSRUWHGDVWKPDV\PSWRPVDPRQJPDOHFRIIHHZRUNHUVLQ
VHFRQGDU\FRIIHHIDFWRULHV=XVNLQHWDOUHSRUWHGWKDWRIFRIIHH
ZRUNHUVZLWKUHVSLUDWRU\FRPSODLQVKDGRFFXSDWLRQDODVWKPD$SUHYDOHQFHRI
DVWKPDZDVDOVRUHSRUWHGDPRQJIHPDOHZRUNHUVLQVHFRQGDU\FRIIHHIDFWRU\
KDQGOLQJERWKJUHHQDQGURDVWHGFRIIHH5HFHQWO\DQDOOHUJHQKDVEHHQFRQILUPHG
LQ$UDELFDFRIIHH7KLVPLJKWPHDQWKDWWKHV\PSWRPVRIZKHH]LQJFKHVW
WLJKWQHVVDQGDVWKPDOLNHV\PSWRPVUHSRUWHGDPRQJFRIIHHZRUNHUVLQWKHSUHVHQW
VWXG\PD\EHUHODWHGWRDOOHUJLFUHDFWLRQV+RZHYHUDOOHUJ\ZDVQRWH[DPLQHGLQWKH
SUHVHQWVWXG\
7XEHUFXORVLVLVQRWXQFRPPRQLQ7DQ]DQLDZLWKDQLQFLGHQFH
SRSXODWLRQ\HDUO\7KHFRXQWU\SURWRFROLVWRLQYHVWLJDWH7%IRUSDWLHQWV
SUHVHQWLQJZLWKDFRXJKRIWZRZHHNVRUPRUH$VWXG\E\1JDGD\DHWDOKDV
VKRZQWKDWWKHSUHYDOHQFHRI7%LVVLPLODULQWKRVHZLWKFRXJKOHVVWKDQDQGPRUH
WKDQWZRZHHNV7KLVFRXOGPHDQWKDWFRIIHHZRUNHUVSUHVHQWLQJZLWKFKURQLF
FRXJKZLWKVSXWXPSURGXFWLRQZLWKRXWVPHDUSRVLWLYHWHVWUHVXOWVPLJKWEH
PLVGLDJQRVHG7KLVLVGXHWROLPLWHGRUODFNRIFRQQHFWLRQEHWZHHQWKHRFFXSDWLRQDO
GLVHDVHVDQGFRPPXQLFDEOHGLVHDVHV7KHUHVXOWVIURPWKLVVWXG\VKRZWKDWZRUNHUV
LQFRIIHHIDFWRULHVSUHVHQWLQJZLWKFRXJKIRUPRUHWKDQWZRZHHNVPLJKWKDYH
RFFXSDWLRQDOH[SRVXUHUHODWHGGLVHDVHV
5.1.5 Lung function changes and airway inflammation 
7KLVVWXG\KDVUHSRUWHGDGHFUHDVHLQOXQJIXQFWLRQSDUDPHWHUV)(9DQG
)(9)9&DPRQJFRIIHHZRUNHUVLQDVVRFLDWLRQZLWKLQFUHDVHGFXPXODWLYHH[SRVXUH
WRWRWDOGXVWDQGHQGRWR[LQ0RVWRIWKHVWXGLHVRQOXQJIXQFWLRQDPRQJFRIIHH
ZRUNHUVDVVHVVHGWKHSUHDQGSRVWVKLIWYDOXHV(YHQWKRXJKZHGLGQRWFRPSDUHSUH
DQGSRVWVKLIWYDOXHVWKHUHVXOWVIURPWKLVVWXG\DUHFRPSDUDEOHWRWKRVHLQRWKHU
 
VWXGLHVLQFRIIHHIDFWRULHVZKLFKUHSRUWHGGHFUHDVHLQOXQJIXQFWLRQDIWHUDZRUNVKLIW
LQ8JDQGDDQG&URDWLDDQGDIWHUDZRUNZHHNDPRQJJUHHQFRIIHH
ZRUNHUVLQ*HUPDQ\,QDOOWKHVHVWXGLHVWKHGHFUHDVHRIWKHOXQJIXQFWLRQSDUDPHWHU
REVHUYHGUHODWHVWRLQFUHDVHLQH[SRVXUHDQGGXUDWLRQRIH[SRVXUH2WKHUVWXGLHV
IRXQGDQDVVRFLDWLRQEHWZHHQH[SRVXUHVDQGGHFUHDVHLQRWKHUOXQJIXQFWLRQ
SDUDPHWHU0()DPRQJFRIIHHZRUNHUV+RZHYHUZHGLGQRWDQDO\VHIRU
RWKHUSDUDPHWHUV,QWKHSUHVHQWVWXG\ZHUHSRUWHGQRGLIIHUHQFHLQOXQJSDUDPHWHUV
ZKHQFRPSDULQJFRIIHHZRUNHUVDQGFRQWUROV7KLVZDVVLPLODUWRWKHILQGLQJVLQ
VHFRQGDU\FRIIHHIDFWRULHVLQ,WDO\DQGLQSULPDU\FRIIHHIDFWRULHVLQ3DSXD1HZ
*XLQHDZKLFKIRXQGQRGLIIHUHQFHLQOXQJIXQFWLRQSDUDPHWHUVEHWZHHQWKH
FRIIHHZRUNHUVDQGWKHFRQWUROV
'HVSLWHWKHIDFWWKDWWKHFRIIHHZRUNHUVLQWKHSUHVHQWVWXG\KDGDKLJKHUSUHYDOHQFH
IRUUHVSLUDWRU\V\PSWRPVDQGDVWKPDWKHUHZDVQRDVVRFLDWLRQEHWZHHQWKH
SUHYDOHQFHRIV\PSWRPVDQGOXQJIXQFWLRQSDUDPHWHUV/XQJIXQFWLRQGHFUHDVHVKDYH
EHHQUHSRUWHGWREHKLJKHUDPRQJFRIIHHZRUNHUVZLWKSRVLWLYHVNLQSULFNWHVW
7KLVZDVDOVRLQGLFDWHGLQWKHJUHHQFRIIHHZDUHKRXVHVWXG\LQ,WDO\,QD
ORQJLWXGLQDOVWXG\GRQHE\6KHUPDQHWDOLWZDVVKRZQWKDWSHRSOHDERYH
WKHDJHRIZKRKDYHUHVSLUDWRU\V\PSWRPVKDYHDORQJLWXGLQDOGHFUHDVHLQ)(9
+RZHYHUWKHQRUPDOSRSXODWLRQLVSUREDEO\GLIIHUHQWIURPWKHFRIIHHIDFWRU\ZRUNHUV
ZKRKDGGHPDQGLQJWDVNVDQGDPHDQDJHOHVVWKDQ\HDUV
$LUZD\LQIODPPDWLRQKDVQRWEHHQDVVHVVHGDPRQJFRIIHHZRUNHUVEHIRUH,QWKLV
VWXG\$UDELFDFRIIHHZRUNHUVZKRZHUHH[SRVHGWRKLJKOHYHOVRISHUVRQDOWRWDOGXVW
DQGHQGRWR[LQKDGLQFUHDVHGFRQFHQWUDWLRQRIWKHDLUZD\LQIODPPDWRU\PDUNHU)(12
FRPSDUHGWRWKHFRQWUROV3DSHU7KHVHUHVXOWVZHUHVLPLODUWRVWXGLHVGRQHDPRQJ
IDUPHUVDQGDJULFXOWXUDOZRUNHUVDQGDPRQJKHDOWK\VXEMHFWVH[SRVHGWR
HQGRWR[LQVDQGLQGLFDWHGDQDVVRFLDWLRQEHWZHHQH[SRVXUHWRHQGRWR[LQDQGOHYHOVRI
)(12+RZHYHUWKLVDVVRFLDWLRQZDVQRWREVHUYHGLQWKHVXEVHTXHQWVHDVRQ3DSHU
ZKHQFRIIHHSURGXFWLRQZDVORZHUUHVXOWLQJWRDORZHUGXVWDQGHQGRWR[LQH[SRVXUH
DPRQJWKH$UDELFDZRUNHUVFRPSDUHGWRWKHSUHYLRXVVHDVRQ
 
/HYHOVRI)(12DPRQJFRIIHHZRUNHUVPLJKWEHLQIOXHQFHGZLWKWKHDPRXQWRIGXVW
H[SRVXUHDVLOOXVWUDWHGLQRXUWZRVWXGLHV3DSHUVDQG,QFUHDVHLQ)(12OHYHOLV
DOVRDVVRFLDWHGZLWKFXPXODWLYHH[SRVXUHWRHQGRWR[LQDVLOOXVWUDWHGDPRQJ
DJULFXOWXUDOZRUNHUVH[SRVHGWRHQGRWR[LQ6PLWHWDOIRXQGWKDWHQGRWR[LQ
H[SRVXUHZDVDVVRFLDWHGZLWKLQFUHDVHG)(12DPRQJQRQVPRNLQJDQGQRQDWRSLF
ZRUNHUV:HGLGQRWDVVHVVDWRS\DPRQJWKHSDUWLFLSDQWVZKLFKFRXOGKDYH
LQIOXHQFHGWKHUHVXOWV7KRPDVHWDOIRXQGWKDWRIWKHZRUNHUVLQWKH
ZDUHKRXVHDQGURDVWLQJSODQWZHUHDWRSLF,WKDVDOVREHHQVXJJHVWHGWKDW
UHSHDWHGH[SRVXUHWRRUJDQLFGXVWPLJKWFKDQJHWKHLQIODPPDWRU\UHVSRQVHRIWKH
DLUZD\V
7KHUHDUHXQFHUWDLQWLHVWKDWZHUHQRWVROYHGZLWKWKLVVWXG\OLNHWKHLQIOXHQFHRQ
H[SRVXUHWREHWDJOXFDQV%RWKHQGRWR[LQDQGEHWDJOXFDQVDUHIRXQGLQRUJDQLFGXVW
)XQJDOFRQWDPLQDWLRQKDVDOVREHHQIRXQGLQRUJDQLFGXVWLQFOXGLQJGXVWLQ
FRIIHHIDFWRULHVDQGLWKDVEHHQDVVRFLDWHGZLWKDOOHUJLFDVWKPD,WLVQRWSRVVLEOH
WRVD\WKDWWKHVHZRUNHUVZHUHH[SRVHGWRHQGRWR[LQRQO\,QWKHSUHVHQWVWXG\ZH
GLGQRWDVVHVVWKHIXQJLRUEHWDJOXFDQVFRQWHQWLQWKHHQGRWR[LQVDPSOHV$QRWKHU
XQFHUWDLQW\LVWKHXQNQRZQHIIHFWRQH[SUHVVLRQRI)(12DIWHULQWHUPLWWHQWH[SRVXUH
WRHQGRWR[LQLQFRIIHHIDFWRULHV,WKDVEHHQVKRZQWKDWFHVVDWLRQRIH[SRVXUHWR
HQGRWR[LQIRU\HDUOHDGWRGHFUHDVHLQ)(12IURPWKHPHDQRISSEWRSSE
DPRQJH[SRVHGZRUNHUV0RUHUHVHDUFKLVQHHGHGWRVWXG\ZKHWKHUWKHSHULRGRI
WKUHHPRQWKVIUHHRIH[SRVXUHLQFRIIHHIDFWRULHVOHDGWRUHGXFHGLQIODPPDWLRQDQG
LPSURYHGOXQJIXQFWLRQDPRQJWKHZRUNHUV
5.2 Methodological discussion 
5.2.1 Study design 
7KLVVWXG\ZDVFRQGXFWHGXVLQJDFURVVVHFWLRQGHVLJQIRUWKUHHFRQVHFXWLYH\HDUV
LQYROYLQJGLIIHUHQWFRIIHHIDFWRULHV7KHG\QDPLFVRIFRIIHHSURGXFWLRQ)LJ
FDXVHVDPDMRUFKDQJHLQWKHQXPEHURIZRUNHUVLQHDFKIDFWRU\IURPVHDVRQWR
VHDVRQDQGDORQJLWXGLQDOVWXG\GHVLJQZDVQRWIHDVLEOHIRUWKLVJURXSRIZRUNHUV
2QO\DIHZQXPEHUVRIHPSOR\HHVLQWKHSURGXFWLRQOLQHKDYHIL[HGSRVLWLRQVDQG
 
PRVWRIWKHZRUNHUVYDU\LQQXPEHUDQGLGHQWLW\GHSHQGLQJRQWKHVHDVRQ\LHOG
7KHVHVLWXDWLRQVFDQQRWEHFRQWUROOHGDVWKH\GHSHQGRQQDWXUHDQGWKHZHDWKHU,Q
RXUVWXG\ZHIRXQGWKDWDERXWRIWKHZRUNHUVKDGZRUNHGLQIDFWRULHV
SURFHVVLQJVLPLODUW\SHRIFRIIHHRWKHUWKDQWKHFXUUHQWRQH
2QHFDQQRWQHJOHFWWKHIDFWWKDWWKHUHPD\EHDKHDOWK\ZRUNHUHIIHFWLQWKHFRIIHH
IDFWRULHV7KHGHPDQGLQJQDWXUHRIZRUNLQFRIIHHIDFWRULHVZLOOQRWDOORZDSHUVRQ
ZKRH[SHULHQFHVDGYHUVHKHDOWKHIIHFWVWRNHHSRQZRUNLQJ+HQFHWKRVHZKRDUH
ZRUNLQJDUHOLNHO\WREHWKHKHDOWKLHVWRQHV7KLVPD\KDYHZHDNHQHGWKHDVVRFLDWLRQ
EHWZHHQWKHFKURQLFUHVSLUDWRU\V\PSWRPVDQGRUDVWKPDV\PSWRPVDQGH[SRVXUH
)XUWKHUPRUHGXHWRYDULDELOLW\LQSURGXFWLRQEHWZHHQVHDVRQVWKHH[SRVXUHOHYHOV
YDU\IRUWKHZRUNHUVZKRDUHHPSOR\HGLQFRQVHFXWLYHVHDVRQVDVZHOODVWKRVHZKR
DUHHPSOR\HGLQWHUPLWWHQWO\6WXGLHVRQFHVVDWLRQRIHQGRWR[LQH[SRVXUHKDYHVKRZQ
WKDWWKHUHLVLPSURYHPHQWRIUHVSLUDWRU\V\PSWRPVDQGOXQJIXQFWLRQZLWKWLPHRI
FHVVDWLRQDPRQJVRPHRIWKHH[SRVHGZRUNHUV+RZHYHUWKHHIIHFWRI
LQWHUPLWWHQWH[SRVXUHWRFRIIHHGXVWLVQRWNQRZQDQGPD\KDYHDQLPSDFWRQWKH
RXWFRPHVRIRXUVWXG\
Selection of participants and sampling 
:HVHOHFWHGSURGXFWLRQOLQHZRUNHUVZKRDUHH[SRVHGWRFRIIHHGXVW3DUWLFLSDQWV
ZHUHUHSUHVHQWDWLYHRIWKHSURGXFWLRQZRUNHUVLQHDFKIDFWRU\LQWKDWWKH\ZHUHHLWKHU
UDQGRPO\VHOHFWHGRUDOOZHUHLQFOXGHG3DUWLFLSDQWVZHUHVHOHFWHGZLWKRXWNQRZOHGJH
DERXWWKHLUKHDOWKVWDWH:RUNLQFRIIHHIDFWRULHVLVSK\VLFDOO\GHPDQGLQJ+HQFHWKH
VWXG\PLJKWKDYHLQFOXGHGWKHYHU\KHDOWK\DQGSK\VLFDOO\ILWSDUWRISRSXODWLRQ
+RZHYHUWKHGHPDQGLQJQDWXUHRIWDVNVLQFRIIHHIDFWRULHVZDVSUHVHQWLQDOO
IDFWRULHVZKLFKFRXOGPHDQWKDWLWPLJKWEHWKHFDVHLQDQ\RWKHUSULPDU\FRIIHH
IDFWRU\7KHLQIOXHQFHRIKDYLQJKHDOWK\ZRUNHUVZDVUHGXFHGE\XVLQJFRQWUROV
JURXSVIURPHTXDOO\GHPDQGLQJWDVNVLQWKHFRQWUROIDFWRULHV
Control groups 
2QHRIWKHVWUHQJWKVRIWKLVVWXG\LVWRKDYHFRQWUROJURXSVIRUFRPSDULVRQRIWKH
RXWFRPHV7RDYRLGPLVFODVVLILFDWLRQRIH[SRVHGDQGXQH[SRVHGWKHFRQWUROVLQWKLV
 
VWXG\KDGQHYHUZRUNHGLQFRIIHHIDFWRULHV7KHJURXSVZHUHVLPLODUWRFRIIHH
ZRUNHUVLQVRFLRHFRQRPLFVWDWXVH[FHSWIRU3DSHUZKHUHKHDOWKIDFLOLW\ZRUNHUVDQG
KRWHOZRUNHUVZHUHXVHGVRPHRIZKRPKDGDKLJKHUVRFLRHFRQRPLFVWDWXV
+RZHYHUWKLVZDVQRWH[SHFWHGWRLQWHUIHUHPXFKZLWKRXURXWFRPHRILQWHUHVWZKLFK
ZDV)(12,WZDVLPSRUWDQWWRKDYHFRQWUROVIURPWKHVDPHJHRJUDSKLFDODUHDZLWK
SUHVXPHGVLPLODUIRRGKDELWV
5.2.2 Exposure and respiratory health assessments 
Assessment of dust and endotoxin exposure 
&ORVHGIDFHFDVVHWWHV&)&ZHUHXVHGIRUWRWDOGXVWVDPSOLQJ&)&VDUHUHSRUWHGWR
XQGHUHVWLPDWHLQKDODEOHGXVWE\DIDFWRURIDQGVDPSOHVOHVVWKDQ
LQKDODEOHVDPSOHUZKHQSDUWLFOHVDUHRI!P(YHQWKRXJKWKH&)&KDVVRPH
OLPLWDWLRQWKH\DUHRIORZFRVWDQGFDQEHHDVLO\XVHGLQKDUVKHQYLURQPHQWV
6DPSOLQJZDVGRQHWKURXJKRXWWKHZRUNLQJVKLIWZKLFKZDVDWWLPHVVOLJKWO\PRUH
WKDQKRXUV)RUWKLVUHDVRQDQGGXHWRKLJKGXVWOHYHOVLQVRPHWDVNVVRPHVDPSOHV
ZHUHODEHOOHGRYHUORDGHGQ +RZHYHUERWKWKHGXVWIURPWKHFDVVHWWHZDOOVDQG
RQWKHILOWHUVZDVPHDVXUHGLQWKHODERUDWRU\7KLVVLWXDWLRQPD\KRZHYHU
XQGHUHVWLPDWHWKHUHDODPRXQWRIGXVWRQWKHVHILOWHUV
6DPSOLQJWLPHYDULHGLQWKHGDWDFROOHFWHG7ZRVDPSOHVFROOHFWHGIRUPLQDQG
PLQZHUHGXHWRRYHUORDGLQJRIGXVWRULQWHUUXSWLRQRIWKHSURFHVVLQJDFWLYLWLHV
,QVRPHFDVHVWKHDFWLYLW\ZDVFORVHGHDUOLHUIRUWKHGD\GXHWRSRZHUIDLOXUHDQGWKH
ZRUNHUVKDGRWKHUWDVNVWKDWGLGQRWLQYROYHFRIIHHSURFHVVLQJKHQFHWKHSXPSZDV
VWRSSHGIRUWKDWGD\,QRQHLQVWDQFHDZRUNHUKDGWROHDYHGXHWRDQHPHUJHQF\IRU
SULYDWHUHDVRQVKHQFHWKHSXPSZDVVWRSSHG7KHVHIDFWRUVFRXOGKDYHDQHIIHFWRQ
WKHGXVWOHYHOVFDOFXODWHGSHUVKLIWIRUWKHVSHFLILFVDPSOHVDVZHFDOFXODWHGWKH
YROXPHEDVHGRQWKHVDPSOLQJWLPH
6WRUDJHDQGWUDQVSRUWDWLRQRIHQGRWR[LQILOWHUVZDVDFKDOOHQJH(QGRWR[LQVDPSOHV
ZHUHVXSSRVHGWREHNHSWXQGHUFROGWHPSHUDWXUHIURPWKHWLPHRIVDPSOLQJWRWKH
GD\RIDQDO\VLV7UDQVSRUWLQJWKHVDPSOHVIURPGLIIHUHQWSODFHVLQ7DQ]DQLDWR
1RUZD\DQGWKHQWR6ZHGHQZKLOHPDLQWDLQLQJWKHWHPSHUDWXUHZDVQRWHDV\EXWZH
PDQDJHGWRPHHWWKHTXDOLW\GHPDQGVE\XVLQJUHQWHGIUHH]HUVDWDYDFFLQDWLRQRIILFH
 
DQGSULYDWHIUHH]HUVDQGWUDQVSRUWWKHVDPSOHVZLWKIUHH]HSDFNV$UHFHQWDUHYLHZRQ
PHDVXUHPHQWRIHQGRWR[LQDWZRUNSODFHVUHFRPPHQGHGWKDWVDPSOHVVKRXOGEH
GHOLYHUHGWRWKHODERUDWRU\DWPRVWKRXUVDIWHUVDPSOLQJ'XHWRWKHXQDYDLODELOLW\
RIDFFUHGLWHGODERUDWRU\LQ7DQ]DQLDWKHVDPSOHVZHUHGHOLYHUHGLQWKHODERUDWRU\
PRUHWKDQKRXUVDIWHUVDPSOLQJKRZHYHUWKHVHZHUHVWRUHGDWORZHUWHPSHUDWXUH
([WUDFWLRQRIHQGRWR[LQVPD\GLIIHULQGLIIHUHQWODERUDWRULHVDQGWKLVFRXOGLQWURGXFH
ELDVLQWKHUHVXOWV+RZHYHUDOOVDPSOHVZHUHH[WUDFWHGLQWKHVDPHODERUDWRU\
H[FHSWIRUWKHILYHVDPSOHVWKDWZHUHWDNHQDVSLORWVDPSOHV:KHQWKHILYHVDPSOHV
ZHUHH[FOXGHGWKHH[SRVXUHOHYHOVDQGGHWHUPLQDQWVUHPDLQHGVLPLODU
7KHFXPXODWLYHH[SRVXUHZDVFDOFXODWHGXVLQJVHDVRQVIRUERWK$UDELFDDQG5REXVWD
ZRUNHUV7KLVSURFHGXUHFRXOGKDYHOHGWRELDVLQWKHFXPXODWLYHH[SRVXUHHVWLPDWHV
&RIIHHVHDVRQVDUHJHQHUDOO\ORQJHUIRU$UDELFDFRIIHHWKDQ5REXVWDFRIIHHZH
DVVXPHGWKH\KDGRQHVHDVRQUHJDUGOHVVRIWKHQXPEHURIPRQWKVLQWKHVHDVRQWKH
H[DFWQXPEHURIPRQWKVIRUWKHVSHFLILFVHDVRQVZRUNHGLQWKHFRIIHHIDFWRU\ZDVQRW
DYDLODEOH)XUWKHUPRUHWKHH[SRVXUHOHYHOZDVDVVXPHGWREHWKHVDPHLQWKH
SUHYLRXV\HDUVDVLWZDVLQWKH\HDUVRIWKHVWXG\7KHOLPLWDWLRQZLWKWKLVDVVXPSWLRQ
LVWKDWGXVWOHYHOVPD\YDU\ZLWKWKHSURGXFWLRQUDWHZKLFKZLOOYDU\ZLWKGLIIHUHQW
VHDVRQVDVZHOODVWKHGXUDWLRQRIWKHVHDVRQ1HYHUWKHOHVV)LJXUHVKRZVYDULDWLRQ
LQSURGXFWLRQLQWZRFRQVHFXWLYH\HDUVKHQFHKDYLQJGDWDIURPDQG
DQGPD\KDYHUHGXFHGWKHPDJQLWXGHRIXQGHUHVWLPDWLRQRURYHUHVWLPDWLRQRI
FXPXODWLYHH[SRVXUHIRUWKH$UDELFDIDFWRULHV
Respiratory health assessment 
:HDVVHVVHGUHVSLUDWRU\V\PSWRPVXVLQJDVWDQGDUGL]HGTXHVWLRQQDLUHWKURXJKDQ
LQWHUYLHZ6FKRODUVKDYHGRFXPHQWHGWKDWWKHUHFDQEHXQGHUUHSRUWLQJDQGRYHU
UHSRUWLQJZKHQDTXHVWLRQQDLUHLVXVHGLQERWKLQWHUYLHZDQGVHOIDGPLQLVWHUHG
TXHVWLRQQDLUH)XUWKHUPRUH(QJOLVKLVQRWFRPPRQDPRQJUHJXODU7DQ]DQLDQV
KHQFHWKHTXHVWLRQQDLUHKDGWREHWUDQVODWHGWR.LVZDKLOLDQGEDFNWR(QJOLVKEHIRUHLW
FRXOGEHXVHG
 
,QWHUYLHZLQJLVDSUHIHUUHGPHWKRGRIDVVHVVPHQWLQ7DQ]DQLDHVSHFLDOO\LILWLQYROYHV
SHRSOHRIEOXHFROODUMREV7KLVLVGXHWRWKHIDFWWKDWVRPHPD\QRWXQGHUVWDQGWKH
TXHVWLRQVDQGPD\QRWUHWXUQWKHTXHVWLRQQDLUH$FFRUGLQJWR'+6DERXW
RIPDOHDJHGKDYHLQFRPSOHWHRUQRHGXFDWLRQLQ7DQ]DQLD+RZHYHU
XVLQJWKLVPHWKRGPD\LQWURGXFHLQWHUYLHZHUELDV,QWKLVVWXG\WKHELDVZDV
UHGXFHGE\XVLQJDVWDQGDUGL]HGTXHVWLRQQDLUHDQGRQHUHVHDUFKHULQWHUYLHZHGDOO
WKHSDUWLFLSDQWVWRPDLQWDLQXQLIRUPLW\
/XQJIXQFWLRQZDVDVVHVVHGE\DSRUWDEOHVSLURPHWHUDWDQ\WLPHRIWKHGD\IROORZLQJ
$76JXLGHOLQHV'LXUQDOYDULDWLRQFRXOGKDYHLQWHUIHUHGZLWKWKHUHVXOWV
QHYHUWKHOHVVWKLVZDVVLPLODUO\DVVHVVHGDPRQJWKHFRQWUROV6RPHRIWKHVWXGLHVXVHG
DYLWDORJUDSKRUVWDWLRQDU\VSLURPHWHUZKLFKZRXOGKDYHQRWEHHQ
IHDVLEOHIRUWKLVVWXG\VHWWLQJ8VHRISRUWDEOHVSLURPHWHULVVXLWDEOHIRURFFXSDWLRQDO
VWXGLHVZKHUHZRUNHUVDUHH[DPLQHGRQVLWH
2WKHUPHDQVRIH[DPLQDWLRQVXFKDV[UD\EORRGVDPSOHVWRDVVHVVLPPXQRORJLFDO
YDULDEOHVVXFKDVQHXWURSKLOVDQGHRVLQRSKLOVRUSHUIRUPHGLQGXFHGVSXWXPWHVWVWR
DVVHVVWKHLQIODPPDWLRQLQWKHZRUNHUV7KHVHPHWKRGVZHUHQRWXVHGDVHDFKRQHKDG
LWVOLPLWDWLRQZLWKUHJDUGVWRWKHVWXG\VLWH,WZDVQRWSRVVLEOHWRWDNHDOOWKH
SDUWLFLSDQWVWRDUHJLRQDOKRVSLWDOIRU[UD\LQWKHVWXG\DUHDV7KHOLPLWDWLRQRI
LQGXFHGVSXWXPLVWKDWLWQHHGVRPHPHGLFDODWWHQWLRQLQFDVHRIDVHYHUHDWWDFKDQG
DOVRVRPHFDVHVIDLOWRSURGXFHWKHVSXWXP
External validity 
7KLVVWXG\ZDVDERXWSULPDU\FRIIHHSURFHVVLQJIDFWRULHVQRWIDUPSURFHVVLQJRU
FRIIHHURDVWLQJIDFWRULHV,WLQFOXGHGROGDQGQHZIDFWRULHVIDFWRULHVSURFHVVLQJ
5REXVWDDQGWKRVHSURFHVVLQJ$UDELFDFRIIHH7KLVPDNHVWKHUHVXOWDSSOLFDEOHWR
RWKHU7DQ]DQLDQFRIIHHIDFWRULHV7KHUHVXOWVPD\DOVREHDSSOLFDEOHWRIDFWRULHVRI
VLPLODUQDWXUHSURFHVVLQJVLPLODUW\SHVRIFRIIHHLQRWKHUFRXQWULHV2FFXUUHQFHRI
DGYHUVHUHVSLUDWRU\KHDOWKHIIHFWVDPRQJZRUNHUVLQWKHVWXG\IDFWRULHVPLJKWEH
IRXQGLQZRUNHUVLQRWKHUVLPLODUFRIIHHIDFWRULHV
 
6. Conclusion and recommendations
6.1 Conclusion  
7KLVVWXG\UHYHDOHGWKDWZRUNLQFRIIHHIDFWRU\PD\EHDVVRFLDWHGZLWKH[SRVXUHWR
WRWDOGXVWDQGHQGRWR[LQKLJKHUWKDQ2(/DQGWKHKHDOWKEDVHGUHFRPPHQGHGYDOXH
UHVSHFWLYHO\+DQGOLQJGU\SUHSURFHVVHGFRIIHHLQFUHDVHVWKHH[SRVXUHOHYHOVRIWRWDO
GXVWDQGHQGRWR[LQVLJQLILFDQWO\7KLVH[SRVXUHPLJKWEHDVVRFLDWHGZLWKLPSDLUPHQW
RIWKHUHVSLUDWRU\KHDOWKWKDWLVGHFUHDVHGOXQJIXQFWLRQDQGKLJKHUSUHYDOHQFHRI
FKURQLFUHVSLUDWRU\V\PSWRPV,QWKHSUHVHQWVWXG\WKHDVVRFLDWLRQEHWZHHQDLUZD\
LQIODPPDWLRQDQGH[SRVXUHZDVLQFRQFOXVLYH
6.2 Recommendations 
'XHWRKLJKOHYHOVRIGXVWDQGHQGRWR[LQDQGKLJKHUSUHYDOHQFHRIUHVSLUDWRU\DQG
DVWKPDV\PSWRPVFRQWUROPHDVXUHVDUHRILPSRUWDQFH&RQWURORIGXVWOHYHOVE\
IRFXVLQJRQWKHGHWHUPLQDQWVRIH[SRVXUHZLOODOVRUHGXFHWKHOHYHORIHQGRWR[LQLQ
WKHZRUNSODFHDWPRVSKHUH
Short term 
 3URYLVLRQRIDWOHDVWHIILFLHQWUHVSLUDWRU\SURWHFWLRQPDVNV53(IRUWKH
ZRUNHUV5HSUHVHQWDWLYHVDPSOHRIZRUNHUVVKRXOGSDUWLFLSDWHLQFKRRVLQJDQG
WHVWLQJWKHPDVNVVRDVWRPDNHRZQHUVKLSRIWKHHTXLSPHQW3HUVRQDOILWWLQJ
RI53(VWRWKHZRUNHUVKDYHWREHGRQHEHIRUHDQ\53(LVGLVWULEXWHGIRUXVH
 5HJXODUHGXFDWLRQRQXVHDQGLPSRUWDQFHRI53(VWRWKHZRUNHUVEHIRUH
FRPPHQFHPHQWRIZRUNDQGRQSRVWHUVPD\LQFUHDVHWKHDGKHUHQFH
 &KDQJLQJSUDFWLFHVLQVRPHDFWLYLWLHVVXFKDVVZHHSLQJE\XVLQJGDPS
FOHDQLQJPHWKRGZLOOUHGXFHWKHUHJXUJLWDWLRQRIVHWWOHGGXVW3UDFWLFHRIJRRG
KRXVHNHHSLQJUHJXODUFOHDQLQJDQGGXVWLQJRIISODFHVLQWKHIDFWRU\LQFOXGLQJ
WKHVWRUDJHDUHDV
 
 5HJXODUKHDOWKDQGKRXVHNHHSLQJLQVSHFWLRQVE\WKHJRYHUQPHQWERG\
26+$7=WRHQVXUHJRRGZRUNLQJHQYLURQPHQWDQGUHJXODUPHGLFDO
H[DPLQDWLRQRIWKHZRUNHUV
 
Long term
 ,QVWDOODWLRQRIH[KDXVWDQGKRRGVRQJUDYLW\WDEOHVSUHFOHDQHUVKXOOHUVDQG
KRSSHUV
 5HSDLURIGXVWUHPRYDOV\VWHPVH[KDXVWIDQVDQGEURNHQKRRGV
 /RZHULQJKRSSHUVWKDWDUHDERYHWKHSRXULQJOHYHO
 &RRSHUDWLRQEHWZHHQFRIIHHDXWKRULWLHV7&%FRIIHHIDUPHUVXQLRQVDQG
UHVHDUFKFHQWUH7D&5,WRHQVXUHSURSHUKDQGOLQJRIFRIIHHDWIDUPVGXULQJ
GU\LQJDQGVWRUDJHWRUHGXFHJURZWKRIPLFURRUJDQLVPV
 
7.  Future perspective
7KHSUHVHQWVWXG\DQGRWKHUVKDYHVKRZQWKDWWKHUHPLJKWEHDUHODWLRQVKLSEHWZHHQ
GXVWH[SRVXUHDQGKHDOWKHIIHFWVDPRQJSURGXFWLRQZRUNHUVLQFRIIHHIDFWRULHV
+RZHYHUWKHUHDUHVWLOOXQDQVZHUHGTXHVWLRQV(YHQWKRXJKORQJLWXGLQDOVWXGLHV
PLJKWEHGLIILFXOWLQWKHVHVHWWLQJVDODUJHUVWXG\LQFOXGLQJDOOFRIIHHIDFWRULHVLQDQ
DUHDFRXOGEHFRQGXFWHGIRUWKUHHWRIRXUFRQVHFXWLYHVHDVRQV
'XHWRIOXFWXDWLRQVLQFRIIHHSURGXFWLRQEHWZHHQVHDVRQVWKHDVVRFLDWLRQEHWZHHQ
H[SRVXUHWRGXVWDQGHQGRWR[LQLQFRIIHHIDFWRULHVDQGDLUZD\LQIODPPDWLRQQHHGVWR
EHVWXGLHGLQPRUHGHWDLO,WLVLPSRUWDQWWROHDUQZKLFKLPSDFWWKHVHDVRQDOFRIIHH
SURFHVVLQJKDVRQWKHZRUNHUVUHVSLUDWRU\KHDOWKLHZKHWKHUUHVSLUDWRU\KHDOWK
UHFRYHUVEHWZHHQVHDVRQVRUQRW7KHDVVRFLDWLRQEHWZHHQRWKHUKDUPIXOFRQWHQWVLQ
FRIIHHGXVWDQGDOOHUJ\LVZRUWKVWXG\LQJ
,QWKHSUHVHQWVWXG\ZHFRXOGQRWVD\ZKLFKW\SHRILQIODPPDWLRQWKHZRUNHUVPD\
KDYHDQGRWKHUPHWKRGVVXFKDVDVWXG\RQVSXWXPFHOOFRXQWZRXOGSURYLGHPRUH
LQIRUPDWLRQRQWKLVWRSLF7KLVPD\OHDGWRSRVVLEOHPHGLFDODWWHQWLRQWRLPSURYHWKH
KHDOWKRIWKHZRUNHUVZKLFKLVRXUILUVWSULRULW\
7KHH[SRVXUHRIRUJDQLFGXVWIURPFRIIHHLVWKURXJKRXWWKHSURGXFWLRQFKDLQIURP
WKHIDUPVVWRUDJHZDUHKRXVHVDQGWUDQVSRUWDWLRQ+HQFHZLGHQLQJWKHKRUL]RQE\
VWXG\LQJWKHHIIHFWVDPRQJWKHVHJURXSVZLOODOVRDLGLQXQGHUVWDQGLQJWKHKHDOWK
SUREOHPVDQGKRZEHVWWRSURWHFWWKHP0RUHFRXOGSUREDEO\EHGRQHDWWKHIDUPVWR
UHGXFHWKHRFFXUUHQFHRIHQGRWR[LQLQWKHFRIIHHFKHUULHV7KXVIXUWKHUVWXGLHVFRXOG
EHGRQHWRDVVHVVGU\LQJDQGVWRUDJHFRQGLWLRQVLQRUGHUWRGHWHFWIDFWRUVWKDWFRXOG
FRQWULEXWHWRORZHUHQGRWR[LQOHYHOV
 
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